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A thermoplastic composition featuring an improved resistance to thermally induced resin degradation is disclosed. The composition 
comprises (i) thermoplastic polycarbonate resin (ii) about 3 to 20 percent, relative to the total weight of (i) and (ii), of titanium dioxide, 
and (iii) a stabilizer the structure of which features at least one benzofuran-2-one group per molecule. The amount of (iii) is that which is 
sufficient to improve the resistance of the composition to thermal degradation. 
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MELT-STABLE, PIGMENTED 
POLYCARBONATE MOLDING COMPOSITION 

FIELD OF THE INVENTION 
The invention relates to thermoplastic molding compositions and 
more particularly to molding compositions that contain pigments or dyes. 
SUMMARY OF THE DISCLOSURE 
A thermoplastic composition featuring an improved resistance to 
5 thermally induced resin degradation is disclosed. The composition 

comprises (i) thermoplastic polycarbonate resin (ii) about 3 to 20 percent, 
relative to the total weight of (i) and (ii), of titanium dioxide, and (iii) a 
stabilizer, the molecular structure of which features at least one 
benzofuran-2-one group per molecular chain. The amount of the stabilizer 
1 0 incorporated in the composition is that which is sufficient to improve the 
resistance of the composition to thermal degradation. 

TECHNOLOGICAL BACKGROUND 
Color concentrates are well known in the art. These are blends 
which contain a relatively high concentration of a functional additive may 
15 be used advantageously in admixture with, for instance, virgin resin or with 
virgin blends in preparing molding compositions containing effective 
amounts of the functional additive. 

Molders use color concentrates as means to minimizing inventory of 
pre-colored materials. Use of concentrates also provided for ease in 
20 handling, and maintaining cleanliness in work areas. For example, a 
molder requiring a large number of compositions differing in their color, 
may inventory lower volumes of each of these in the form of color 
concentrates and dilute them as needed with natural resins at the molding 
or extrusion machines to produce colored articles. Color concentrates 
25 containing 1 0 to 20% of the pigment are common in the industry. Titanium 
dioxide is a known pigment that is often useful in making white or opaque 
articles. Color concentrates containing polycarbonate resin and a high 
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loading of titanium dioxide are therefore useful and desirable. 
Unfortunately, degradation of polycarbonate resin often results in the 
course of processing of such concentrates. There is a need in providing 
polycarbonate/titanium dioxide concentrates, which will offer greater 

5 resistance to thermal degradation. 

U.S. Patent 4,325,863 disclosed benzofuranone compound useful 
as stabilizer for organic materials. The organic polymeric materials 
stabilized by this compound are said to indude polycarbonates and 
polyamides as well as copolymers of styrene and acrylonitrile. Also 

1 0 presently relevant is U.S. Patent 4,338,244 which disclosed 
benzofuran(2)one to be a useful stabilizer for organic materials. 
Polycarbonates, polyamides and SAN copolymers are mentioned among 
the many resins said to be stabilized by the incorporation of this 
compound. Also relevant are U.S. Patents 5,175,312 and 5,607,624 which 

1 5 disclosed 3-phenyl-3H-benzofuran-2-ones and 3-arylbenzofuranones 

respectively, said to be suitable as stabilizing agents for organic materials 
against oxidative, thermal or light induced degradation. 

The present invention resides in the findings that polycarbonate 
color concentrates that contain a high loading of titanium dioxide are 

20 rendered more resistant to thermal degradation by the incorporation of a 
stabilizing amount of a stabilizer the molecular structure of which contains 
at least one benzofuran-2-one group. 

DETAILED DESCRIPTION OF THE INVENTION 
The stabilized composition in accordance with the present invention 

25 comprises 

(i) thermoplastic polycarbonate resin, 

(ii) about 3 to 20, preferably about 5 to 20, more preferably 1 0 to 
20 percent, relative to the total weight of (i) and (ii), of 
titanium dioxide, and 
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(Hi) a stabilizing compound characterized in that its molecular 
structure features at least one benzofuran-2-one group, the 
amount of said stabilizer is that amount which is sufficient to 
improve the resistance of the composition to thermal 
5 degradation, the improvement is in comparison to a 

corresponding composition from which said (iii) is excluded. 
Suitable polycarbonate resins for preparing the copolymer of the 
present invention are homopolycarbonates and copolycarbonates and 
mixtures thereof. 

1 0 The polycarbonates generally have a weight average molecular 

weight of 10,000 to 200,000, preferably 20,000 to 80,000 and their melt 
flow rate, per ASTM D-1238 at 300°C, is about 1 to about 65 g/10 min., 
preferably about 2 to 24 g/10 min. They may be prepared, for example, by 
the known diphasic interface process from a carbonic acid derivative such 

15 as phosgene and dihydroxy compounds by polycondensation (see 
German Offenlegungsschriften 2,063,050; 2,063,052; 1,570,703; 
2,211,956; 2,211,957 and 2,248,817; French Patent 1,561,518; and the 
monograph by H. Schnell, "Chemistry and Physics of Polycarbonates", 
Interscience Publishers, New York, New York, 1964, all incorporated 

20 herein by reference). 

In the present context, dihydroxy compounds suitable for the 
preparation of the polycarbonates of the invention conform to the structural 
formulae (1)or (2). 
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10 wherein 

A denotes an alkylene group with 1 to 8 carbon atoms, an alkylidene 
group with 2 to 8 carbon atoms, a cycloalkylene group with 5 to 15 
carbon atoms, a cycloalkylidene group with 5 to 15 carbon atoms, a 
carbonyl group, an oxygen atom, a sulfur atom, -SO- or -S0 2 or a 
1 5 radical conforming to 



20 
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e and g both d not the number 0 to 1 ; 

Z denotes F, Cl f Br or d-C 4 -alkyl and if several Z radicals are 

substituents in one aryl radical, they may be identical or different 
from one another, 
5 d denotes an integer from 0 to 4; and 
f denotes an integer from 0 to 3. 

Among the dihydroxy compounds useful in the practice of the 
invention are hydroquinone, resorcinol, bis-(hydroxyphenyl)-alkanes, bis- 
(hydroxyphenyl)-ethers, bis-(hydroxyphenyl)-ketones, bis-(hydroxyphenyl)- 

10 sulfoxides, bis-(hydroxyphenyl)-sulfides, bis-(hydroxyphenyl)-sulfones, 
dihydroxydiphenyl cycloalkanes, and a,a-bis-(hydroxyphenyl)-diisopropyl- 
benzenes, as well as their nuclear-alkylated compounds. These and 
further suitable aromatic dihydroxy compounds are described, for 
example, in U.S. Patents 5,227,458; 5,105,004; 5,126,428; 5,109,076; 

15 5,104,723; 5,086,157; 3,028,356; 2,999,835; 3,148,172; 2,991,273; 
3,271,367; and 2,999,846, all incorporated herein by reference. 

Further examples of suitable bisphenols are 2,2-bis-(4-hydroxy- 
phenyl)-propane (bisphenol A), 2,4-bis-(4-hydroxyphenyl)-2-methyl- 
butane, 1,1-bis-(4-hydroxyphenyl)-cyclohexane, a,a'-bis-(4-hydroxy- 

20 phenyl)-p-diisopropylbenzene, 2,2-bis-(3-methyl-4-hydroxyphenyl)- 

propane, 2,2-bis-(3-chloro-4-hydroxyphenyl)-propane, bis-(3,5-dimethyl-4- 
hydroxyphenyl)-methane, 2,2-bis«(3,5-dimethyl-4-hydroxyphenyl)-propane, 
bis-(3,5-dimethyl-4-hydroxyphenyl)-sulfide, bis-(3,5-dimethyl-4-hydrt>xy- 
phenyl)-sulfoxide, bis-(3,5-dimethyl-4-hydroxyphenyl)-sulfone, dihydroxy- 

25 benzophenone, 2,4-bis-(3,5-<jimethyl-4-hydroxyphenyl)-cyclohexane, a,a'- 
bis-(3,5-dimethyl-4-hydroxyphenyl)-p-diisopropylbenzene and 4,4-sulfonyl 
diphenol. 

Examples of particularly preferred aromatic bisphenols are 2,2,-bis- 
(4-hydroxyphenyl)-propane, 2^-bis-(3,5-dimethyl-4-hydroxyphenyl)- 
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propane, 1 ,1-bis-(4-hydroxyphenyl)-cycloh xane and 1 ,1-bis-(4- 
hydroxyphenyl)-3 f 3,5-trimethylcyclohexane. 

The most preferred bisphenol is 2,2-b»s-(4-hydroxyphenyl)-propane 
(bisphenol A). 

5 The polycarbonates of the invention may entail in their structure 

units derived from one or more of the suitable bisphenols. 

Among the resins suitable in the practice of the invention is 
phenolphthalein-based polycarbonate, copolycarbonates and 
terpolycarbonates such as are described in U.S. Patents 3,036,036 and 

1 0 4,21 0,741 , both incorporated by reference herein. 

The polycarbonates of the invention may also be branched by 
condensing therein small quantities, e.g., 0.05 to 2.0 mol % (relative to the 
bisphenols) of polyhydroxy compounds. 

Polycarbonates of this type have been described, for example, in 

1 5 German Offenlegungsschriften 1 ,570,533; 2,1 1 6,974 and 2,1 1 3,374; 
British Patents 885,442 and 1,079,821 and U.S. Patent 3,544,514. The 
following are some examples of polyhydroxy compounds which may be 
used for this purpose: phloroglucinol; 4,6-dimethyl-2,4,64ri-(4-hydroxy- 
phenyl)-heptane; 1 ,3,5-tri-(4-hydroxyphenyl)-benzene; 1,1,1-tri-(4- 

20 hydroxyphenyl)-ethane; tri-(4-hydroxyphenyl)-phenylmethane; 2,2-bis~[4,4- 
(4,4 , -dihydroxydiphenyl)]-cyclohexyl-propane; 2,4-bis-(4-hydroxy-1 - 
isopropylidine>phenol; 2,6-bis-(2 , -dihydroxy-5 , -methylbenzyl>4-methyl- 
phenol; 2,4-dihydroxybenzoic acid; 2-(4-hydroxyphenyl)-2-(2,4Hjihydroxy- 
phenyl)-propane and 1,4-bis-(4,4 , -dihydroxytriphenylmethyl)-benzene. 

25 Some of the other polyfunctional compounds are 2,4-dihydroxy-benzoic 
acid, trimesic acid, cyanuric chloride and 3,3-bis-(4-hydroxyphenyl)-2-oxo- 
2,3-dihydroindole. 

In addition to the polycondensation process mentioned above, other 
processes for the preparation of the polycarbonates of the invention are 

30 polycondensation in a homogeneous phase and transesterification. The 
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suitable processes are disclosed in the incorporated herein by reference, 
U.S. Patents 3,028,365; 2,999,846; 3,153,008; and 2,991,273. 

The preferred process for the preparation of polycarbonates is the 
interfacial polycondensation process. 

5 Other methods of synthesis in forming the polycarbonates of the 

invention such as disclosed in U.S. Patent 3,912,688, incorporated herein 
by reference, may be used. 

Suitable polycarbonate resins are available in commerce, for 
instance, Makrolon FCR, Makrolon 2600, Makrolon 2800 and Makrolon 

10 3100, all of which are bisphenol based homopolycarbonate resins differing 
in terms of their respective molecular weights and characterized in that 
their melt flow indices (MFR) per ASTM D-1238 are about 16.5 to 24, 13 to 
16, 7.5 to 13.0 and 3.5 to 6.5 g/10 min., respectively. These are products 
of Bayer Corporation of Pittsburgh, Pennsylvania. 

1 5 A polycarbonate resin suitable in the practice of the invention is 

known and its structure and methods of preparation have been disclosed, 
for example, in U.S. Patents 3,030,331; 3,169,121; 3,395,119; 3,729,447; 
4,255,556; 4,260,731; 4,369,303 and 4,714,746 all of which are 
incorporated by reference herein. 

20 Titanium dioxide pigment in particulate form is well known to the art- 

skilled. It has been widely used as a pigmenting additive in molding 
composition and it is readily available in commerce. 

The stabilizer suitable in the context of the invention is a compound, 
the structure of which contains at least one benzofuran-2-one group per 

25 molecule. The compound conforms structurally to 



30 
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n 

wherein in the embodiment where n is 1 , Ri is an unsubstituted or 
substituted carbocyclic or heterocyclic aromatic ring system, and where in 
the embodiment where n is 2, R-i is unsubstituted or C1.4- alkyl or hydroxy 
substituted phenylene or naphthylene, and 
1 5 R2, R3, R4 and R5 independently of one another are hydrogen, Ci.25-alkyl 
groups or phenyl. 

A preferred compound is represented by 5,7-di-tertiary-butyl -3-(3,4 
di-methylphenyl)-3H-benzofuran-2-one which is depicted as: 




Detailed description of suitable compounds and their preparation 
may be found in U.S. Patents 4,325,863, 5,175,312 and 5,607,624, which 
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are incorporated by reference herein. Suitable compounds are available in 
commerce from Ciba Specialty Chemicals Limited as Irganox HP 136. 

Preferably, the stabilizer suitable in the context of the invention is 
characterized in that it melts at a temperature equal to or lower than the 
5 melt temperature of polycarbonate. This characteristic enables the 

compounding of the stabilizer with the polycarbonate resin in their molten 
state. 

The stabilizer of the invention is added to the composition in an 
amount sufficient to improve the resistance of the composition against 

10 thermal degradation, as such is evidenced by decrease in the molecular 
weight of the polycarbonate resin. The improvement is determined by 
comparing the resistance to a correspondingly pigmented composition 
which contains no stabilizer. Preferably, the stabilizer is present in an 
amount of 2 to 20%, more preferably 2 to 10% relative to the weight of the 

1 5 titanium dioxide present in the composition. 

The stabilization characterizing the inventive composition, or the 
resistance to degradation in the molecular weight of the resin resulting 
from the interaction with the pigmenting additive, may be determined by 
measuring its melt flow rate (MFR). Advantageously, MFR may be 

20 determined in accordance with ASTM D-1238 under the conditions stated 
in the table below. Stabilized compositions have a lower MFR than do 
corresponding, un-stabilized compositions under similar thermal 
conditions. 

The stabilized compositions of the invention may contain other 
25 conventional additives which are known for their art-recognized functions. 
These include dyes, other pigments, reinforcing agents and fillers, flame- 
retardants and hydrolysis and UV stabilizers, plasticizers and mold release 
agents. 

The preparation of the stabilized compositions of the invention is 
30 conventional. 
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The invention is further illustrated but is not intended to be limited 
by the following examples in which all parts and percentages are by weight 
unless otherwise specified. 

EXAMPLES 

5 Stabilized compositions in accordance with the invention have been 

prepared and their properties determined. The table below provides a 
summary of the makeup of the compositions and their properties. 
The polycarbonate used was Makrolon 3100, a homopolycarbonate based 
on Bisphenol A, a product of Bayer Corporation, having a MFR of about 5- 

10 6 gm/1 0 minutes. The stabilizer was 5,7-di-tertiary-butyl-3-(3,4 di- 

methylphenyl)-3H-benzofuran-2-one. The MFR values on molded parts 
was determined on parts molded at the indicated temperature. 
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The results show th improved resistance to th rmal degradation 
imparted the composition by the inclusion of the stabilizer of the invention. 
Example E shows the relative stability of polycarbonate in terms of its 
resistance to thermal degradation. The MFR values of the resin remains 

5 fairly constant even at a molding temperature of 700°F. As can readily be 
appreciated, the incorporation of 5% of titanium oxide in the resin 
(Example A) results in a considerable increase in the MFR values, an 
indication of degraded resin. A more severe degradation results upon the 
incorporation of a greater amount of titanium oxide (Example C). 

10 Examples B and D demonstrate the beneficial stabilizing effect imparted to 
the material system of polycarbonate and titanium oxide upon the addition 
of the inventive stabilizer. This performance is indicative of the greater 
resistance to thermal degradation. 

An additional set of experiments enabling a comparison to other 

1 5 material systems is shown below in Table 2. Accordingly, the MFR values 
of polycarbonate, polyamide and S/AN copolymer are shown below as are 
the corresponding values of material systems containing each of these 
resins with titanium dioxide pigment alone and with the 5,7-di-tertiary- 
butyl-3-(3,4 di-methylphenyl)-3H-benzofuran-2-one. 
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The results show first, that the th rmal degradation (reflected in higher 

MFR values) which characterizes th material system 

polycarbonate/titanium dioxide (compare Examples A and B) is not shared 

by the corresponding polyamide and by SAN based systems (compare 
5 with Examples D and E, and with Examples G and H). Second, the 

incorporation of the inventive stabilizer to the later compositions does not 

have the effect imparted to the pigmented polycarbonate composition. 

Although the invention has been described in detail in the foregoing 

for the purpose of illustration, it is to be understood that such detail is 
1 0 solely for that purpose and that variation can be made therein by those 

skilled in the art without departing from the spirit and scope of the 

invention except as it may be limited by the claims. 
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WHAT IS CLAIMED IS : 

1 . A thermoplastic composition comprising 

(i) thermoplastic polycarbonate resin, 

(ii) about 3 to 20 percent, relative to the total weight of (i) and (ii), of 
titanium dioxide, and 
an amount of a stabilizer conforming to 




d) 



wherein in the embodiment where n is 1 , Ri is an unsubstituted or 
substituted carbocyclic or heterocyclic aromatic ring system, and where in 
the embodiment where n is 2, Ri is unsubstituted or Ci^- alkyl or hydroxy 
substituted phenylene or naphthylene, and 

R2» R3. R4 and R 5 independently of one another are hydrogen, Ci_ 2 5-alkyl 
groups or phenyl, 

said amount is sufficient to improve the resistance of the composition to 
thermal degradation. 

2. The composition of Claim 1 wherein said (ii) is present in an 
amount of about 5 to 20 percent 

3. The composition of Claim 1 wherein said (ii) is present in an 
amount of 10 to 20 percent 

4. The composition of Claim 1 wherein (iii) is 5,7-di-tertiary- 
butyl-3-(3,4 di-methy!phenyl)-3H-benzofuran-2-one. 
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may contain a particulate metal oxide synergist, e.g., antimony hioxUie or antimony pentoxide, and a quencher such as a brominated organic 
compound, e.g., bis(tribromophenoxy)~ethane. The polymer matrix and filler may be selected so that their respective refractive indices 
and the size range of the filler particles satisfies a mathematical relationship having as a function thereof the mean freespace (vacuum) 
wavelenght of the light range being reflected. The article may comprise a light-reflecting enclosure (14) of an illumination source (10), the 
enclosure (14) having at least one linear aperture (16) formed therein and enclosing a linear light source (12). 
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LIGHT-REFLECTING MOLDED 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is a continuation-in-part of United States patent application 

Serial No. 09/1 10,040, filed July 2, 1998 entitled STRUCTURE FOR ACHIEVING A 
LINEAR LIGHT SOURCE GEOMETRY, which is itself a continuation-in-part of 
United States patent application Serial No. 09/061,562, filed April 16, 1998, and enti- 
tled LINEAR ILLUMINATION SOURCES AND SYSTEMS. 

10 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to light-reflecting molded or extruded articles having a 
reflectivity high enough to enhance the efficiency of illumination sources, and to 

1 5 methods of making the same. More specifically, the present invention relates to light- 
reflecting articles made of synthetic organic polymers ("plastics") whose structural 
strength, dimensional stability and other properties make them suitable for use as 
light-reflecting articles such as light-reflecting enclosures for use in conjunction with 
light sources. The plastic articles of the invention have a total reflectivity of at least 

20 about 93 percent, preferably at least about 94 percent, more preferably at least about 
95 percent and most preferably at least about 96 percent, which is attained without the 
necessity of using reflective films or metal coatings. 

Related Art 

25 U S. Patent 5,589,524 to Y. Ogita et al, issued December 31, 1996, provides a 

polyphenylene sulfide resin composition said to be useful for making a light-reflective 
molded article comprising from 40 to 60 percent by weight of a polyphenylene sulfide 
resin containing from 30 to 50 percent by weight calcium carbonate having an average 
particle size of from 1 to 7 microns, and from 8 to 25 percent by weight of mica hav- 

30 ing an average particle size of from 1 to 10 microns. (See the Abstract) The use of 
other fillers in the composition is disclosed at column 4, lines 38-48, "so long as the 
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effect of the present invention is not impaired." A list of such other fillers includes 
antimony trioxide, zinc oxide, and titanium oxides, among numerous other examples. 

U.S. Patent 4,132,563 to Burke, Jr. et al, issued January 2, 1979, discloses an 
intraleucospheruloid/organic color pigment composition and a process for producing 
5 the same. As set forth in the Abstract of the disclosure, the intraleucospheru- 
loid/organic color pigment composition consists essentially of spheruloids of essen- 
tially transparent polymer material having primary particles of an average size not ex- 
ceeding 4 microns in diameter, and which have embedded therein a particulate leuco 
pigment composition. The latter consists essentially of inorganic opaque white and/or 

10 transparent white pigment material having a different refractive index from that of the 
polymer, and primary particles of an average size not exceeding 0.2 microns in diame- 
ter, plus an organic pigment material. The organic pigment material is said to consist 
of organic color pigment compositions having primary particles of an average size of 
less than 02 microns in diameter. As disclosed starting at column 1, line 38 of this 

1 5 Patent, the pigment compositions of the invention are said to have a very higji degree 
of light stability regardless of the use to which they are put, and can also provide im- 
proved physical characteristics such as storage stability, ease of handling and incorpo- 
ration into vehicles such as paints and thermoplastic materials. 

U.S. Patent 5,672,409 to K. Miyakawa et al, issued September 30, 1997 and, 

20 as shown in the Abstract, discloses a white polyester film reflector used in a surface 
light source. The white polyester film has fine voids formed therein and its apparent 
specific gravity is in the range of 0.5 to 1.2. The reflectance of the polyester film is 
said to be increased by the presence of the fine voids. One disclosed use for the re- 
flector is in a surface light source having a side light system to provide, for example, a 

25 bright scope of a liquid crystal display. 

U.S. Patent 5,428,105 to F. J. McGarry, issued June 27, 1995 and is based on a 
division of the application which matured into U.S. Patent 5,376,721 on December 27, 
1994. This patent discloses a curable polyester molding composition incorporating an 
elastomeric low-profile additive dispersed in voided rubbery particle form throughout 

30 the composition. A compatibilizing agent is used in association with the additive to 
form a molded thermoset article having very smooth light-reflective class A surfaces 
and other qualities as enumerated, for example, in the Abstract 
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A technical brochure bearing a 1997 copyright notice of E.I. Du Pont de Ne- 
mours and Company is entitled Ti-Pure® Titanium Dioxide". This brochure de- 
scribes optical and other properties of titanium dioxide and discusses the effect of 
particle size of the titania on the color tint of transmitted light For example, at page 1 
5 of the brochure, it is stated that the transmitted appearance of tints or whites which 
contain small particle size titania grades are yellower than similar products containing 
a larger particle size titania. In Appendix C of the brochure, there is a discussion of 
the effect of particle size of the titania additive on the appearance and performance of 
flie products in which it is used Table 1 gives indices of refraction for some white 
10 pigments, including nitile and anatase titania, and some common plastics. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, there is provided a light-reflecting 
article which comprises a thermoplastic or thermoset polymer matrix having dispersed 

IS therein a flame-retardant material and dispersed particles of a reflective filler. The 
reflective filler, e.g., one or more of rutile or anatase titania, zinc sulfide or strontium 
titanate, comprises a dielectric material having a particle size and reflective properties 
which enhance total reflectivity of the composite. The filler further has an index of 
refraction which differs from the effective index of refraction of the other components 

20 of the composite to a degree sufficient to enhance the total reflectivity of the compos- 
ite. The filler and flame-retardant material are sufficiently dispersed and present in 
amounts such that the article has an average total reflectivity as measured from a flat 
sample of at least about 93 parent, preferably at least 94 percent, more preferably, at 
least 95 percent, over the range of visible light 

25 In one aspect of the present invention, the article has a flame retardance 

equivalent to a UL-94 rating (defined below) of at least V-l, i.e., of V-l or V-0. in 
another aspect, the flame-retardant material comprises (i) particles of a metal oxide 
synergist, e.g., one or more of antimony trioxide, antimony pentoxide and sodium an- 
timonate, and (ii) a halogenated organic compound quencher, e.g., a brominated or- 

30 ganic compound such as bis(tribromo-phenoxy)ethane or an organic phosphate or bo- 
rate. The flame-retardant material is present in an amount sufficient to reduce flam- 
mability of the article relative to an otherwise identical article lacking the flame- 



/ 
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retardant material, e.g., the flammability is reduced to a level equivalent to a UL-94 
rating of V-l or V-0. Further, the filler and the flame-retardant material are present in 
amounts such that the article has a reflectivity of at least about 93 percent for light in a 
wavelength range of from about 400 to 700 nanometers, measured as total reflectivity 
5 (specular plus diffuse) from a flat sample. 

A further aspect of the present invention provides that the particles of filler 
have a size range wherein: when the filler comprises titania, at least about 70 percent 
by weight of the titania particles have a diameter of from about 0.12 to 0.44 microns; 
when the filler comprises zinc sulfide, at least about 70 percent by weight of the zinc 
10 sulfide particles have a diameter of from about 0.17 to 0.65 microns; and when the 
filler comprises strontium titanate, at least about 70 percent by weight of the strontium 
titanate particles have a diameter of from about 0.16 to 0.62 microns. 

Another aspect of the present invention provides for the inclusion of a bright- 
ener selected from the group consisting of fluorescent materials which absorb radiant 
15 energy in the ultraviolet region of the electromagnetic spectrum (wavelengths 300 
nanometers to 400 nanometers) and emit this energy as visible light in the blue region 
of the spectrum (wavelengths from 400 nanometers to 470 nanometers). Examples of 
such materials include Eastobrite® OB-1 and OB-3 produced by Eastman Chemical 
Corp. of Kingsport, Tennessee, Uvitex*-OB, and Uvitex^-MD produced by Ciba 
Specialty Chemicals of Basel, Switzerland, and Leucopure® EGM, Hostalux KCB, 
and Hostalux KSB from Clariant of Muttenz, Switzerland 

The present invention also provides that the article as aforesaid may comprise 
a light-reflecting enclosure, the enclosure having at least one aperture formed therein 
and being dimensioned and configured to receive therein a light source disposed 
within the enclosure to transmit light through the aperture. 

In accordance with the present invention the polymer matrix may be any sub- 
stantially clear or white thermoplastic or thermosetting polymer, such as those chosen 
from the group consisting of polyacrylonitrile, polyesters, epoxies, polyurethanes, 
acrylonitrile-butadiene-styrene terpolymer, poly(methylpentene), polypropylene, 
polystyrene, polycarbonate, polymethacrylate, polyacrylate, polyvinyl chloride), 
chlorinated polyethylene, and substituted derivatives, copolymers, blends and alloys 
of any of the foregoing. In a related preferred aspect of the invention, the polymer 
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matrix comprises a blend of the acrylonitrile-butadiene-styrene copolymer with poly- 
vinyl chloride polymer, or a blend of the acrylonitrile-butadiene-styrene terpolymer 
with a polycarbonate polymer. For example, the polymer matrix may comprise from 
about 10 to 50 weight percent of the acrylonitrile-butadiene-styrene terpolymer and 
5 from about 40 to 90 weight percent of the polycarbonate polymer. 

In accordance with another major aspect of the present invention, there is pro- 
vided a light-reflecting article comprising a thermoplastic or thermosetting polymer 
matrix having a refractive index of n u the polymer having dispersed therein particles 
of a reflective filler having a refractive index of n 2 . The particles of filler have a size 

10 range wherein at least about 60 percent by weight, e.g., at least about 70 percent by 
weight, of the particles have a diameter of from about D to 4D, wherein D = T^nnfi, 
in which 7^ is the mean free-space wavelength of the light range being reflected and 8 
= l^-nj. The filler is present in an amount such that the article has a reflectivity of 
at least about 93 percent, e.g., at least about 94 percent, or at least about 95 percent, 

1 5 for light in a wavelength range of from about 400 to 700 nanometers, measured as to- 
tal reflectivity from a flat sample. 

Other aspects of the present invention are set forth in the following description 
and the appended drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic perspective view of a linear illumination source com- 
prised of a linear light source and a light-reflecting enclosure in accordance with one 
embodiment of the present invention; 

Figure 1 A is a schematic cross-sectional view of the illumination source of 
25 Figure 1 taken perpendicularly to the longitudinal axis thereof, 

Figure 2 is a schematic perspective view of a linear illumination source com- 
prised of a linear light source and a light-reflecting enclosure in accordance with a 
second embodiment of the present invention; 

Figure 2A is a schematic cross-sectional view of the illumination source of 
30 Figure 2 taken perpendicularly to the longitudinal axis thereof; 

Figure 3 is a plot of light source power efficiency compared to reflectivity of 
the inner surface of an illumination source; 
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Figure 4 is a plot of total reflectance of a flat sample of a material in accor- 
dance with an embodiment of the present invention as a function of the loading of ti- 
tania filler therein; 

Figure 5 is a plot of total reflectance of a flat sample against the wavelength of 
5 reflected light for two materials comprising different grades of polymer matrix in ac- 
cordance with different embodiments of the present invention; 

Figure 6 is a plot of total reflectance of a flat sample against the wavelength of 
reflected light for two materials having different flame-retardants in accordance with 
different embodiments of the present invention; and 
10 Figure 7 is a plot of total reflectance of a flat sample versus the wavelength of 

reflected light for two materials, one with a brightener and one without, in accordance 
with different embodiments of the present invention. 



DETAILED DESCRIPTION OF THE 

15 INVENTION AND PREFERRED EMBODIMENTS THEREOF 

The articles of the present invention find use wherever a plastic composition 
having high reflectivity for light is required. In particular, die articles of the present 
invention find use as light-reflecting enclosures of the type having a slit or other aper- 
ture formed therein, through which light from a light source, such as a linear light 

20 source contained within the enclosure, is emitted. The emitted light comprises both 
reflected light, which is reflected from the interior surface of the light-reflecting en- 
closure, and some unreflected light emitted from the light source directly through the 
aperture. Such devices find many uses, for example, as an illumination source in 
photocopiers and optical scanners. In such applications, which often use a narrow, 

25 slot-like aperture, efficiency is often adversely affected because much of the light 
emitted from the enclosed light source must be reflected numerous times before 
emerging from the aperture. In applications such as photocopiers and optical scan- 
ners, high output irradiance is desired in order to illuminate a narrow strip of the area 
being scanned or photocopied. In other applications, such as flat panel displays, an 

30 illumination system having a very shallow thickness is highly desirable, and a signifi- 
cant reduction in depth can be achieved by providing a highly efficient linear illumi- 
nation source with high output irradiance, which can be efficiently coupled to a thin 
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planar waveguide. (Irradiance is the light flux per unit area and may be expressed, for 
example, in units of watts per square centimeter. Radiance is the brightness of the 
light and may be expressed, for example, in units of watts per square centimeter per 
steradian, wherein a steradian is the unit of a solid angle.) Because, as discussed be- 
5 low, the reflectivity of such hght-reflecting enclosures has a pronounced effect on the 
efficiency of the iUumination system, it is highly desirable that the plastic composition 
have a total reflectivity for light in the wavelength range of 400 to 700 nanometers of 
at least 93 percent, preferably at least 94 percent, still more preferably at least about 
95 percent and most preferably at least about 96 percent, measured as total reflectivity 
10 from a flat (planar) sample. 

The highly reflective plastic articles of the present invention are often used in 
environments where they must be fashioned to close tolerances and where dimen- 
sional stability is very important It is therefore highly desirable that, for such uses, 
the articles be capable of being extruded or molded to close dimensional tolerances 
15 and that they maintain such tolerances even when subjected to mechanical stress, high 
temperatures and humidities, as well as wide variations in temperature and humidity. 
Further, because such articles are often used in extremely close proximity to high- 
voltage, high-intensity light sources, the articles must be fireproof and creep-resistant 
under the pressure of screws and other mechanical fasteners, even at high tempera- 
20 hires. The plastic articles should in many cases also have ultraviolet stability because, 
in many uses, they are exposed to the ultraviolet output of various light sources for 
extended periods. 

Because the filler which is necessary to impart the desired high-reflectivity to 
the plastic article is often used in significant quantities, it has a tendency to degrade 

25 processability and toughness of the plastic composition from which the light- 
reflecting article of the invention is extruded or molded. Therefore, it is desirable that 
the polymer matrix be a polymer which is easily processed, i.e., has a relatively high 
melt index, but still retains good melt elasticity and which has a desirably high impact 
resistance and elongation-to-break. High heat deflection temperature, high flexural 

30 modulus and high strength of the polymer matrix will help to insure that the light- 
reflecting plastic articles of the invention retain their shape and do not yield under 
flexural and torsional stress. These desirable properties are attainable, in accordance 
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with the practices of the present invention, without unduly adversely affecting the re- 
flectivity of the articles. It is a feature of the present invention that the required de- 
gree of total reflectivity be obtained from the molded or extruded plastic composition 
itself, without the necessity of coating the plastic article with reflective films or other 
5 metalized coatings. Finally, the plastic compositions from which the light-reflective 
articles are made desirably should be capable of being extruded or molded by conven- 
tional techniques. 

The articles of the present invention meet such criteria. 
To illustrate only one type of article in accordance with the present invention, 
10 there is shown in Figures 1 and 1 A a linear illumination source 10 comprising a linear 
light source 12 having a width W and enclosed by a light-reflecting enclosure 14 in 
accordance with one embodiment of the present invention. Light-reflecting enclosure 
14 has an inside diameter ID and a linear, slot-like aperture 16 formed therein and 
extending along the length thereof; generally parallel to the longitudinal axis (not 
1 5 shown) of light-reflecting enclosure 14. Linear aperture 1 6 has a width w x and light- 
reflecting enclosure 14 has in interior surface 14a. It will be appreciated that the light- 
reflecting enclosure 14 may have any cross-sectional shape; in addition to the circular 
cross-sectional shape illustrated in Figures 1 and 1 A, the cross-sectional shape may 
be, but is not limited to, elliptical oval, cusp-shaped, or polygonal (faceted). 
20 The same applies to the embodiment illustrated in Figures 2 and 2A, which 

illustrates a linear illumination source 10' which is identical to the embodiment of 
Figures 1 and 1 A, except as follows. In lieu of light source 12 supported (by conven- 
tional means not shown in Figures 1 and 1A) along the longitudinal axis of the light- 
reflecting enclosure 14, a linear light source 12* is embedded in and thereby supported 
25 by light-reflecting enclosure 14 and projects from the interior surface 14a thereof. All 
the other components of the linear illumination source 10' of Figures 2 and 2A are 
identical to those of linear illumination source 10 illustrated in Figures 1 and 1 A and 
are identically numbered thereto. Accordingly, the description thereof is not repeated. 
Linear illumination sources 10 and 10' form part of the disclosure of co- 
30 pending and commonly assigned U.S. Patent Application Serial Number 09/061,562, 
filed April 16, 1998 which describes an improvement in such devices over the use of 
fluorescent lamps having an internal slot aperture utilized to concentrate and direct the 



WO 00/44830 



PCT/US00/02149 



emitted light into a narrow angular range. It will be appreciated that the linear light 
sources 12 and 12' may comprise, without limitation, one or more of fluorescent 
lamps, light-emitting diodes, laser diodes, organic light-emitting diodes, electro- 
luminescent strips and high-intensity discharge lamps. Such linear light source need 
5 not be an integral structure, but one may be constructed, for example, from a multi- 
plicity of light-emitting diodes arranged in a linear array. As used herein and in the 
claims, the term "light" is used broadly to encompass various light spectra including 
visible light, ultraviolet light, and selected broad and narrow wavelength ranges, e.g., 
400 to 700 nanometers. 

10 It will be appreciated that the energy efficiency of a light source such as linear 

illumination sources 10 and 10' is greatly affected by the reflectivity of the light- 
reflecting enclosure 14 inasmuch as much or most of the light emitted from linear 
light source 12 or 12* must undergo a large number of reflections before emerging 
from the linear aperture 16. For example, the efficiency of illumination of linear il- 

15 lumination source 10 of Figures 1 and 1 A can be defined as the percentage of the light 
emitted from linear light source 12 which escapes through linear aperture 16. If the 
width Wj of linear aperture 16 comprises one-tenth of the circumference of light- 
reflecting enclosure 14, only 10 percent of the light emitted from linear light source 
12 will escape directly through linear aperture 16, that is, without first having been 

20 reflected from interior surface 14a. The remaining 90 percent of the light output of 
linear light source 10 will be reflected one or more times, e.g., ten times or more, be- 
fore escaping through linear aperture 16. The large number of reflections makes it 
very important that the reflectivity of interior surface 14a be as close to 100 percent as 
possible. The profound effect which the reflectivity of interior surface 14a has on the 

25 efficiency of a linear illumination source 10 is well illustrated by a series of tests 
comparing reflectivity of the interior surface of a linear illumination source to effi- 
ciency of the source. The tests were conducted with a linear illumination source of 
the same general type of construction as illustrated in Figures 1 and 1 A, the compo- 
nent numbering of which is applied in parentheses to the component of the test source 

30 in the following description. The linear illumination source (10) comprised a cold- 
cathode fluorescent lamp (12) which was 2.6 mm in diameter (W) and 268 mm in 
length and was enclosed within an acrylic light-reflecting enclosure (14) having an 
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inside diameter (ID) of 6.4 mm and a fixed-width linear aperture (16) which was 1.5 
mm wide (w a ). The lamp (12) was driven by an inverter of approximately 3.7 watts 
input power. Five different reflective material films (not in accordance with the pres- 
ent invention) were placed sequentially inside the enclosure (14). The film materials 
5 were: polyethersulfone filter material (obtained from Pall Gelman Sciences of Port 
Washington, NY), Spectraflect™ (obtained from Labsphere of North Sulton, NH), 
Duraflect™ (obtained from Labsphere), Silverlux™ (obtained from 3M of Minnea- 
polis, MN), and Predator™ (obtained from Pall Gelman Sciences). All the reflecting 
materials with the exception of the Silverlux™ film were diffuse reflectors. Table A 
1 0 below shows the measured illumination source efficiencies (output lumens per watt of 
input energy) as a function of the measured total reflectivity (specular plus diffuse) of 
the film material. 



Efficiency 
543% 
54.3% 
48% 
41.9% 
31.3% 

It is seen from Table A that small changes in the reflectivity of the interior sur- 
face (corresponding to interior surface 14a of Figures 1 and 1 A) can result in large 
changes in the efficiency of the linear illumination source. Figure 3 plots the data of 
Table A, the power efficiency of the illumination source being plotted on the vertical 

20 axis against reflectivity of the tested films on the horizontal axis. Figure 3 illustrates 
that the enhancement of efficiency is still increasing rapidly even at reflectivities as 
high as 98% and above. 

Thus, with respect to, e.g., illumination source 10 of Figures 1 and 1A, if the 
reflectivity of interior surface 14a is 90 percent reflective and light reflects on average 

25 ten times from that surface before escaping through linear aperture 1 6, the overall re- 
flection efficiency is (0.90) 10 or 35 percent However, if the reflectivity of interior 



Reflecting Material 
Polyethersulfone 
Spectraflect 1 
Duraflect™ 
Silverlux™ 



/TM 



Predator 



TM 



Table A 

Reflectivity 
97.7% 
97.5% 
96% 
92% 
85% 
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surface 14a is increased from 90 percent to 95 percent per reflection, and the light re- 
flects 10 times from the surface, the over-all reflection efficiency is (0.95) 10 or 60 per- 
cent It is seen that increasing the reflectivity of the interior surface 14a from 90 per- 
cent to 95 percent increases the efficiency of the output of ten-times reflected light 
5 from 35 percent to 60 percent Further increases in reflectivity above 95 percent of 
course provide commensurately greater increases in the overall reflective efficiency. 
It will thus be appreciated that it is extremely important to provide an interior surface 
14a of the highest attainable reflectivity. The practices of the present invention attain 
this objective by the reflectivity of the plastic from which light-reflecting enclosure 14 

10 itself is made, thus avoiding the expense and complications which would result from 
having to provide a reflective film liner on interior surface 14a. This high reflectivity 
of the plastic material is attained in accordance with the practices of the present in- 
vention while still endowing light-reflecting enclosure 14 with good physical proper- 
ties. As enumerated above, these physical properties include acceptably high levels of 

1 5 flexural strength, tensile and compressive strength, the ability to be molded or ex- 
truded to close tolerances, fire resistance, creep resistance and dimensional stability 
under high temperature use for protracted periods along with large fluctuations in 
temperature and humidity. Temperature fluctuations are sustained, for example, be- 
tween high temperatures encountered in the use of photocopiers, optical scanners and 

20 the like, and ambient temperature during non-use periods of such equipment 

As noted above, it has been found that these qualities can be attained without 
the necessity of providing a reflective film or metallic coating liner on the plastic ar- 
ticle, but that a molded or extruded, thermosetting or thermoplastic filled article can 
be attained which itself has the aforementioned qualities and provides the described 

25 high total reflectivity. As used herein and in the claims, the term "total reflectivity" 
means the sum of specular and diffuse reflection averaged over the range of visible 
wavelength and weighted for the response of the human eye. The light-reflecting ar- 
ticles can be made from plastic compositions which have acceptable workability, i.e., 
can be readily molded or extruded by known techniques. It has been found that such 

30 plastic articles can be made by dispersing in a matrix of a suitable thermoplastic or 
thermosetting polymer reflective particles of selected size and optical characteristics 
relative to the optical characteristics of the polymer. 
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The Polymer Matrix 

While a large number of thermoplastic or thermosetting polymers are usable in 
connection with the invention, aciylonitrile-butadiene-styrene terpolymers (sometimes 
5 herein referred to simply as "ABS"), substituted derivatives thereof and alloys and 
blends of any of the foregoing have been found to be particularly desirable because 
such polymers are usually of moderate cost and possess good processability character- 
istics even when loaded to a significant degree with an inorganic material filler. 
While many grades of ABS are reflective in their own right due to scattering of light 

10 from sizable domains of phase separation, impurities contained in most grades of ABS 
polymer leave the polymer brownish in color, which results in a decline in reflectivity, 
at least in certain light wavelength ranges. Accordingly, it is advantageous in some 
applications to utilize clear, transparent non-yellow matrix polymers and transparent 
grades of ABS are commercially available. Such transparent ABS grades are nor- 

1 5 mally made either by choosing a rubber fraction (styrene-butadiene or butadiene rub- 
ber) which has a domain size significantly less than the wavelength or wavelength 
range of light to be reflected from the article, and/or which matches the refractive in- 
dex of the grafted phase to the rubber. Particular grades of such transparent ABS may 
also contain a fraction based on methyl methacrylate, which helps to achieve a desired 

20 matching of the refractive indices of the continuous matrix and the included rubber 
particles contained in the polymer. 

One situation in which the use of a clear, non-yellow ABS is particularly use- 
ful occurs when the rutile form of titania is used as the filler. Rutile titania is increas- 
ingly opaque at light wavelengths below 420 nanometers. This property is shown by 

25 the feet that samples of ABS which contain rutile titania above a minimal 7% level 
show a tendency for reflected light to fall off rapidly below 420 nanometers. The 
combined effects of the impurities in ABS and the opacity of rutile titania below 420 
nanometers render the light reflected from the article somewhat lacking at the blue 
end of the visible spectrum. This problem may be addressed through the use of clear, 

30 transparent matrix polymers. Generally, it was found that a slightly higher level of 
titania was required when using transparent ABS as opposed to the yellow to 
brownish-hued high impact resistanc ABS polymers, in order to get equivalent re- 
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flectance. For example, 25 percent by weight rutile titania in the transparent ABS 
gave a similar total reflectance as 18 percent by weight rutile titania in high impact 
resistance ABS. The requirement for a higher loading stems from the fact that the 
matrix polymer itself no longer contributes to the scattering of light, thus reducing the 
5 number of scattering sites which now must be supplied by the filler alone. Neverthe- 
less, the clear ABS polymer provides advantages of enhanced reflectivity, with the 
spectral response being controlled by the titania alone, and the reflectivity being much 
stronger at the blue end of the visible spectrum between 420 and 550 nanometers 
where the brownish absorption of ordinary ABS polymer had previously degraded re- 

1 0 flective performance. To achieve a relatively uniform reflectivity across the visible 
spectrum it is preferred that the polymer matrix be substantially non-yellow. 

Yellowness of transparent plastics may be measured according to the ASTM 
Standard Test Method for Yellowness of Plastics, ASTM Designation D 1925-70 
(Reapproved 1988), which defines a yellowness index ( n YI"). This test method is in- 

15 tended primarily for determining the degree of yellowness or change of degree of 

yellowness under daylight illumination of homogenous, non-fluorescent, nearly color- 
less transparent, or nearly white translucent or opaque plastics. Normally, the test re- 
sults are based upon tristimulus values calculated from data obtained on a Hardy-GE- 
type spectrophotometer, but other apparatus may be used if equivalent results are ob- 

20 tained. The yellowness index C'Y1 M ) is the magnitude of yellowness relative to mag- 
nesium oxide for CIE Source C. Yellowness index is expressed as follows: 

YI - [IOOCI^SXoe - l.OSa^yYcE 

wherein: 

Xqe , Yqe , and Zqe =tristimulus values (Note 1) of the specimen 
25 relative to Source C. 

Note 1 - By this test method, positive (+) yellowness index describes 
the presence and magnitude of yellowness; a specimen with a negative 
(-) yellowness index will appear bluish. 

Change in yellowness index (AYI) is the difference between an initial 
30 value, YIj,, and YI determined after a prescribed treatment of the plas- 

tic. 

AYI = YI-YI 0 
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Note 2 - By this calculation, positive (+)AYI indicates increased yel- 
lowness and negative (-)AYI indicates decreased yellowness or in- 
creased blueness. 



5 The test requirements include that opaque specimens shall have at least one 

plane surface and transparent specimens shall have two surfaces that are essentially 
plane and parallel, with the measurements being made on the plane surfaces. Speci- 
mens which do not have plane surfaces may be compared on a relative basis if they 
are of the same shape and are similarly positioned for measurement The reference 

10 standards, as set forth in paragraph 6 of the ASTM D 1925 test procedure, call for a 
primary standard for reflectance measurement to be a layer of freshly prepared mag- 
nesium oxide, prepared in accordance with ASTM recommended practice E 259, the 
disclosure of which is incorporated herein. Paragraph 62 provides that instrument 
standards may be made of magnesium carbonate, barium sulfate or calibrated pieces 

15 of white structural glass known an Vitrolite. Test specimens are conditioned at 21 to 
25 °C, and 45 to 55 % relative humidity for not less than forty hours prior to the tests, 
and the tests conducted in the standard laboratory atmosphere at the same temperature 
and relative humidity. Yellowness index of transparent and translucent plastics is a 
function of thickness of the test samples. Therefore, comparisons of different samples 

20 should be made only between samples of comparable thickness. 

Polymers useful in this invention comprise those with YI values of less than 
about 10, preferably less than about 5, and most preferably less than about 2. 

In the broad practice of this invention, the polymer matrix may be any suitable 
polymer. The following thermoplastic polymers are particularly useful in the practice 

25 of the invention: acrylonitrile-butadiene-styrene (ABS), poly(ethylene terephthalate) 
(PET), poly(butylene terephthalate) (PBT), poly(methylpentene), polypropylene, 
polystyrene (PS), polycarbonate (PC), polymethacrylate, polyacrylate, poly(vinyl 
chloride) (PVC), chlorinated polyethylene (CPE), and substituted derivatives, co- 
polymers, blends and alloys of any of the foregoing. Generally, polyacrylates and 

30 poly(methacrylates), and polyolefins such as pply(methylpentene) and polypropylene 
are less preferred because they are difficult to make flame-retardant Useful thermo- 
setting polymers include epoxies, urethanes, acrylates, and thermosetting polyesters. 
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A preferred polymer matrix is one which is selected from the group consisting of 
acrylomtrile-butadiene-styrene terpolymer, substituted derivatives and blends and al- 
loys thereof. A useful filler for this class of polymer matrix comprises titania, espe- 
cially rutile titania. Examples of useful commercial polymer alloys and blends in- 
5 elude a transparent grade of ABS, Terlux® from BASF of Ludwigshafen ERG, 

ABS/PC blends available in flame-retardant grades, 2500F from RTP Co of Winona, 
Minnesota, Bayblend FR2000 from Bayer of Leverkusen, FRG, or Iupilon GP-3L 
from Mitsubishi Gas Chemical of Tokyo, Japan, flame-retardant ABS/PVC blends 
such as Cycovin* from Geon of Cleveland, Ohio, or Suprel* from Condea Vista Co. 
10 of Houston, Texas, ABS/PC acrylate blends such as Terblend* S KR2864 or 

KR2865wu from BASF of Ludwigshafen, Germany, or flame-retardant silicone-PC 
composite such as NuCycle* from Sumitomo Dow Ltd. of Osaka, Japan. 



15 



20 



The Filler. 

As discussed below, it is desirable that the refractive indices of the polymer 
and the finer used therean be far apart To achieve a high scattering power, it is pre- 
ferred that the absolute value of the difference in index of the filler and the matrix be 
at least about 0.5, more preferably at least about 0.75, and most preferably at least 
about 1 . For example, an ABS polymer with an index of refraction of 1 .54 has been 
found to be very successful when combined with an appropriate quantity of rutile ti- 
tania filler which has a refractive index of from about 2.6 to 2.9. The rutile titania has 
an index of refraction which easily satisfies the requirements of the present invention 
with almost any suitable polymer matrix such as those listed herein which have indi- 
ces of refraction ranging from about 1.48 to 1.60. While it is possible to employ gas- 
25 filled voids (index = 1 .0) as a filler, such voids are difficult to produce and maintain 
during the fabrication of the article of this invention. As a result, voids are less pre- 
ferred as a filler. 

It has further been found that particle size and dispersion of the filler affect the 
attainable light reflectivity, and it is desirable to provide particles of a size above a 
30 particular lower limit relative to the mean wavelength of the fight to be reflected and 
to provide an adequate, and preferably, a maximum number of dispersed particles per 
unit of volume of the filled matrix. Further reduction of the primary particle size of 
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the filler is generally not attainable by mixing once the filler particles are dispersed in 
the polymer melt. Therefore, the particle size distribution of the filler added to the 
polymer melt is important Titania powders are commercially obtainable with sub- 
micron primary particle sizes, although the powder may contain a large number of ag- 

5 gregates or agglomerates of individual particles, which aggregates or agglomerates are 
of course, significantly larger than the primary particle size. In order to obtain a suf- 
ficiently high degree of light reflectivity, the particles must be dispersed at a distance 
from each other which is far apart as compared to the mean wavelength (X) of the light 
to be reflected that is, at least about a distance of 3X apart. With respect to enhancing 

1 0 optical scattering efficiency by selecting the particle size and dispersion of the filler, 
use is made of the theory developed by Mie, as reported in the work Principles of Op- 
tics by M. Born and E. Wolf; sixth edition, Pergamon, New York 1993, pages 657- 
664. A simplified version of the Mie equations is useful in selecting the particle size. 
It is known that when particles become small as compared to the wavelength of light 

15 to be reflected, the particles cease to scatter strongly. Mie scattering commences at a 
given minimum particle size and goes through a series of resonances as particle size 
increases. With these considerations in mind, a relationship among the refractive in- 
dices of the thermoplastic or thermosetting polymer matrix and that of the filler, the 
filler particle size and the wavelength of light is developed, as follows. For a polymer 

20 matrix having a refractive index of nj and having dispersed therein particles of a re- 
flective filler having a refractive index of n^ the particles of filler should have a size 
range wherein a stated proportion of the filler particles, e.g., at least about 60 percent 
by weight, preferably at least about 70 percent, or most preferably at least about 80. 
percent by weight of the particles have a diameter of from about D to 4D, wherein D - 

25 XJmifc in which Xo is the mean free-space wavelength of the light range being re- 
flected (e.g., X Q « 530 nanometers for green light) and 5 - | n 2 - ni | . More preferably 
the range of particle diameters lies from about 1.5D to about 2.5D. If a bluer tone is 
desired the particle size range can be shifted toward a slightly lower particle size, e.g., 
Dto 2D. 

30 The filler should be present in an amount such that the article has a reflectivity 

of at least about 93 percent, e.g., at least about 94 percent and preferably at least about 
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95 percent, for light in a wavelength range of from about 400 to 700 nanometers. 
(The reflectivity is measured as total reflectivity from a flat sample.) 

It will be noted from the above that the larger the absolute difference between 
the indices of refraction of the matrix polymer and the filler, the smaller is the most 
5 useful particle size for a given wavelength of light For example, in the case where 
rutile titania (index of refraction equals 2.7) is used as the filler for a transparent ABS 
having an index of refraction of 1 .54, the values for the minimal and optimal filler 
particle size may be predicted as listed in the following Table A. The data of Table A 
illustrate that, when a high reflectivity for a range of wavelengths is desired, particle 
1 0 size must be distributed over a range which encompasses the resonant scattering 
condition for light at the limits of the desired wavelength range. For example, to ef- 
ficiently reflect blue, green and red light The particle size for rutile titania should be 
distributed over a range from at least about 160 nanometers to at least about 239 
nanometers. 

15 

Table B - Optimal Particle Size For Rutile Titania As A Filler 

Particle Size for 
Wavelength ]Min. Particle Size,D First Resonance, 2D 



(nm) (nm) (nm) 

450 (blue) 80 160 

530 (green) 94 189 

670 (red) 119 239 



The optimal particle size range shifts as the index of refraction of the filler 
changes. If alumina particles (index of refraction equals 1.77) were to be used as the 
20 filler, the minimum and optimal particle sizes given in the above Table A for rutile 
titania would be approximately quintupled. Fillers suitable for use in the practices of 
the invention are given in the following Table C. 
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TableC- Fillers 



Material 


Index of Refraction 


Densitv 


Maior Use 


Ti0 2 , rutile 


2.616,2.903 


4.26 


white pigment 


Ti0 2 ,anatase 


2.554,2.493 


3.84 


white pigment 


A1 2 0 3 , alumina 


1.77 


3.97 


various 


Sb20 3 , valentinite 


2.18, 2.35, 2J5 


5.67 


FR, pigment 


SrTi0 3 


2.409 


5.18 




BaS0 4 , barite 


1.637, 1.638, 1.649 


4.5 


white pigment 


CaS0 4 , anhydrite 


1.569 


2.96 


filler, white pig 




Table C- cont'd 






CaC03, aragonite 


1.530, 1.681, 1.685 


2.93 


filler 


CaC0 3 , calcite 


1.658, 1.486 


2.71 


filler 


ZnO, zincite 


2.008,2.029 


5.6 


white pigment 


ZnS, wurzite 


2356,2.378 


3.98 


white pigment 


ZnS, spheralite 


2368 


4.10 


white pigment 



Particularly useful fillers are those selected from the group consisting of tita- 
nia, zinc sulfide and strontium titanate since these offer a high scattering power by 
5 virtue of their high refractive indices when compared to those of useful matrix poly- 
mers. In such case, the particles of filler preferably have a size range wherein: when 
the filler comprises titania, e.g., rutile titania, at least about 60 percent by weight of 
the titania particles have a diameter of from about 0.12 to 0.44 microns; when the 
filler comprises zinc sulfide, at least about 60 percent by weight of the zinc sulfide 
10 particles have a diameter of from about 0.17 to 0.65 microns; and when the filler 
comprises strontium titanate, at least about 60 percent by weight of the strontium ti- 
tanate particles have a diameter of from about 0.16 to 0.62 microns. 

As discussed above, in cases where the refractive indices of the filler and the 
matrix polymer approach each other, the fillers will not be efficient scattered of light 
15 and, therefore, total reflectivity will be reduced. 

Dispersability of the filler in the polymer matrix is important. For heavy 
loadings of filler it may be necessary or desirable to make a master batch or concen- 
trate of the polymer melt containing a very high loading of filler. For example, the 
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concentrate may contain filler in the range of 50 to 60 weight percent of the combined 
weight of filler and polymer. High loading of filler in the concentrate increases the 
viscosity of the melt and results in a large amount of dispersive energy being imparted 
to the melt during high shear mixing. 
5 Dispersing aids which enhance the dispersion of the filler particles into the 

polymer matrix are also desirably used. Generally, these take the form of compatibi- 
lizers, or wetting agents. Silanes and organic titanates or zirconates are known for use 
as coupling agents to enhance the surface interaction between the filler and the matrix 
polymer melt. The use of titanates with titania is a felicitous choice. The compatibi- 

1 0 lizers or wetting agents may be applied to the filler particles prior to or during com- 
pounding. For example, titania is commercially available in pre-treated form which 
has been coated with an organic hydrophobe coupling agent which reduces the surface 
energy mismatch between the titania particles and the matrix polymer. Wetting 
agents function in the same fashion. A variety of stearates and related compounds are 

1 5 also known for use as wetting agents. Commercially available forms of titania which 
have been suitably treated with compatibilizers or wetting agents include TiONA® 
RCL-4 and TiONA® RCL-188, which are commercially available from Millennium 
Inorganic Chemicals of Hunt Valley, Maryland or TiPure® R-103 and R-1Q4, which 
are commercially available from DuPont of Wilmington, Delaware. The RCL-4 ma- 

20 terial is surface-treated with alumina and an organic compound as are TiPure® R-l 03 
and R-104, and the RCL-188 material is surface-treated with phosphate and an or- 
ganic compound. Results obtained by using these commercially available surface- 
treated titanias in ABS and ABS/PC blends are shown in Table C following. The blue 
tint tone results from the small average particle size of these particular titania powders 

25 which enhances their reflectivity on the blue side of the light spectrum. Alumina 
coating of the titania particles acts to reduce their reactivity with the matrix polymer 
either induced by temperature during processing or by exposure to ultraviolet light 
during subsequent use. Since the most common application for titania in plastics is in 
PVC for outdoor use, the manufacturers rate UV stability according to whether the 

30 PVC/titania composite tends to chalk during extended outdoor use. A thick coating of 
alumina can prevent chalking by limiting the photoreactivity of the titania. Table C 
also includes this manufacturer's designation of UV stability for the titania product 
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grades tested. For the present use, depending on the specific requirements for the 
brightness of the illumination source and the service life of that source, the desire for 
high reflectivity is balanced with the requirement for UV stability. 

5 Table D - Surface-Treated Titania Powder Compounds 

Tint Tint Processing UV 

Compound DispersabHitv Strength Tone Rheology Stability 

TiONA 

RCL-4 Excellent High Blue Excellent Chalking 

TiPure 

R-103 Very good High Bluest Very good Non-Chalking 
TiPure 

R-104 Superior Very high Bluest Superior Chalking 

The polymer matrix may be present in the amount of about 50 to 94 percent by 
weight of the article and the filler, e.g., rutile titania, may be present in the amount of 
from about 6 to 50 percent by weight of the article, provided that the amount of one or 
10 both of the polymer matrix and rutile titania is controlled to allow for the presence of 
the flame-retardant material in the amount sufficient to reduce flammability of the ar- 
ticle. The amounts of these components are, of course, also controlled to allow for the 
optional presence of brightener. 

15 Flame-Retardant Package 

It is well known that the flame-retardancy of polymers can be enhanced by die 
inclusion of flame retardants in the composition. Unfortunately, the inclusion of such 
flame retardants often adversely affects the reflectivity of the filled polymer compos- 
ite. It has, however, been found that desirable properties of fire-resistance of the plas- 

20 tic light-reflecting articles of the present invention can be attained without unduly 
sacrificing total reflectivity by combining with the polymer and reflective particles 
("filler") a flame-retardant package comprising a quencher and an optional synergist 
The most common types of quencher-type flame retardants are halogenated com- 
pounds which act in the vapor phase to quench free radicals, which are an intermedi- 
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ate in combustion reactions. For this reason, such compounds are often referred to as 
"quenchers". In particular, brominated organic compounds are known to serve as ef- 
fective flame-retardant quenchers. Useful quenchers are those selected from the group 
consisting of one or more of decabromodiphenyloxide, octabromodiphenyloxide, 
5 tetrabromobisphenol-A, bis(tribromo-phenoxy)ethane, brominated epoxy tetrabro- 
mobisphenol-A, tetrabromobisphenol-A diglycidyl ether, ethylenebistetrabromophtha- 
lamide, septabromotrimethylphenyl indane and octabromotrimethylphenol indane. 
The quencher bis(tribromophenoxy)ethane is preferred in some applications. Other 
common quenchers are based on phosphate and borate compounds and are less pre- 

10 ferred for the current invention. 

A complete flame-retardant package for inclusion in the composition of a 
polymer often includes a synergist which functions to cany the halogen, usually chlo- 
ride or bromide, into the flame by virtue of forming vaporizable oxyhalide com- 
pounds. Such metal oxide synergists, which have been found to be particularly useful 

15 in the practices of the present invention, are antimony trioxide, antimony pentoxide, 
and sodium antimonate. Thus, the synergist may be selected from the group consist- 
ing of one or more of antimony trioxide, antimony pentoxide and a sodium anti- 
monate, and the quencher may comprise a brominated organic compound. The syn- 
ergist, for example, antimony trioxide, may have a size range such that at least about 

20 60 percent by weight of the synergist particles, e.g., at least about 70 percent by 

weight, have a diameter of from about 0.18 to 0.72 microns. Commercially available 
fine-particle grades of antimony trioxide such as Microfine AO/5 from Anzon, Inc. of 
Philadelphia, Pennsylvania, generally have a wider than optimal particle size distribu- 
tion. As a result, when used at high loading levels (greater than about 6 percent by 

25 weight) the processability and the mechanical properties of the polymer article, e.g., 
impact resistance and elongation-to-break, are significantly adversely affected. It is 
therefore advantageous to minimize the use of the synergist. Useful proportions of 
synergist and quencher provide the synergist in the amount of from about 4 to 12 per- 
cent by weight of the article (but preferably less than about 6 percent by weight), and 

30 the quencher in the amount of from about 1 0 to 25 percent by weight of the article. 
For example, one useful composition for the articles of the present invention com- 
prises from about 31 to about 70 weight percent acrylonitrile-butadiene-styrene, sub- 
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stituted derivatives and blends and alloys thereof as the matrix polymer, from about 
15 to about 30 weight percent rutile titania as the filler; and from about 3 to about 5 
weight percent of antimony trioxide as the synergist. As the quencher, there may be 
present from about 12 to 24 weight percent of a brominated organic compound se- 
5 lected from the group consisting of one or more of decabromodiphenyloxide, oc- 
tabromodiphenyloxide, tetrabromobisphenol A, bis(tribromophenoxy)ethane, bromi- 
nated epoxy, septabromotrimethylphenyl indane and octabromotrimethylphenyl in- 
dane. The amount of one or both of the matrix polymer and the filler are controlled to 
allow for the presence of the flame-retardant material in the amount sufficient to re- 

1 0 duce flammability of the article. A brightener may also be included and the amounts 
of the other ingredients adjusted to allow for inclusion of such brightener and any 
other optional additional ingredients. 

Since the use of a synergist can adversely affect mechanical properties and re- 
flectivity, it is desirable to employ matrix polymers with inherently lower flammabil- 

15 ity which do not require a synergist to achieve the required level of flame-retardant 
One preferred blend which combines the required ease of processability at high filler 
loadings and which does not require the use of a synergist is an ABS/PC blend. Such 
blends can be rendered flame-retardant through the use of halogen- or phosphate- 
based organic quenchers alone. Among halogen- and phosphate-based quenchers, 

20 halogen-based quenchers are preferred. 

Flame-retardant properties may also be enhanced by utilization of halogenated 
organic compounds as part of a polymer matrix blend or alloy, for example, by utiliz- 
ing chlorinated polyethylene or polyvinyl chloride as the polymer matrix or as a part 
thereof. For example, both chlorinated polyethylene and polyvinyl chloride readily 

25 alloy with ABS polymers, so a suitable matrix may be a blend or alloy of one or both 
of these halogenated organic compounds with an ABS or ABS-based polymer. If 
sufficient halogenated organic compound is utilized as part of the polymer matrix 
blend, sufficient flame retardancy for certain applications may be attained without the 
need for a package of one or more quenchers and/or synergists. 

30 One embodiment of the invention provides for an acrylonitrile-butadiene- 

styrene-based polymer as the polymer matrix, titania (preferably rutile titania) as the 
reflective filler material, and a flame-retardant material comprising particles of a metal 
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oxide synergist and a halogenated organic compound quencher, preferably a bromi- 
nated organic compound quencher. 

Brighteners 

5 Another aspect of the present invention provides for the inclusion of a bright- 

ener selected from the group consisting of fluorescent materials which absorb radiant 
energy in the ultraviolet region of the electromagnetic spectrum (wavelengths 300 
nanometers to 400 nanometers) and emit this energy as visible light in the blue region 
of the spectrum (wavelengths from 400 nanometers to 470 nanometers). Examples of 

10 such materials include Eastobrite® OB-1 and OB-3 produced by Eastman Chemical 
Corp. of Kingsport, Tennessee, Uvitex®-OB, Uvitex®-MD produced by Ciba Spe- 
cialty Chemicals of Basel, Switzerland, and Leucopure® EGM, Hostalux KCB, and 
Hostalux KSB from Clariant of Muttenz, Switzerland. Useful optical brighteners are 
generally based on conjugated organic molecules or oligomers. An example of a use- 

15 fill class of compounds are those which contain stilbene segments, or the like, such as 
4,4'-Bis(2-benzoxazolyl)stiIbene. 

When rutile titania is used as the filler, the optical absorbance of the filler at 
wavelengths below about 420 nanometers can interfere with the action of the bright- 
ener. Only that fraction of the brightener which lies relatively near the surface will be 

20 exposed to sufficient ultraviolet light to activate the fluorescence of the brightener. 
Somewhat higher levels of brightener than normally used for low Ti0 2 -loading levels 
may be required (e.g., 1000 ppm instead of 250 ppm). It is also preferred that the 
peak absorption wavelength of the brightener lie relatively near 420 nanometers (e.g., 
at about 400 nanometers) and the peak emission wavelength lie above 420 nanometers 

25 (e.g., at about 450 nanometers). 

Various additional optional additives may also be incorporated in the thermo- 
plastic or thermosetting composition depending on the requirements of the polymers 
chosen and their use environment Examples of these include antioxidants, photo- 
stabilizers, free radical scavengers, and UV absorbers. Antioxidants include such 

30 compounds as phenols and particularly hindered phenols including Irganox 1010 from 
Ciba Specialty Chemicals of Basel, Switzerland, sulfides, organoboron compounds, 
organophosphorous compounds, N, N , -hexamethylenebis(3,5-di-tert-butyl-4- 
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hydroxyhydrocinnamainide) available from Ciba Specialty Chemicals under the 
tradename Irganox 1908. A new antioxidant product specifically recommended for 
use with ABS is Irganox 1 141 from Ciba Specialty Chemicals. Photostabilizers and 
more particularly hindered amine light stabilizers include but are not limited to 
5 poly[6-morpholmo-s-tria^ 

hexamethylene] available from Cytec Industries of Kalamazoo, Michigan under the 
tradename Cyasorb UV3346, and Hostavin N-30 from Clariant of Muttenz, Switzer- 
land Suitable free radical scavengers include oxygen, hindered amine light stabiliz- 
ers, hindered phenols, 2^,6,6-tetramethy-l-piperidinyloxy free radical (TEMPO), and 
10 the like. UV absorbers include benzotriazole, hydroxybenzophenone, and the like. 
These additives may be included in quantities, based upon the total weight of the 
composition, from about 0% to about 6%, and preferably from about 0.1% to about 
1%. Preferably all components of the overall composition are in admixture with one 
another, and most preferably in a substantially uniform admixture. 
15 The following examples illustrate various compositions illustrative of specific 

aspects of the present invention and comparisons showing the effect on total reflectiv- 
ity of specific components of the molding composition from which the articles (test 
plaques) are made. 

Flammability measurements referred to herein, including in the following ex- 
20 amples and tables, and in the claims, were performed on molded bars of the described 
compositions in accordance with the Underwriters Laboratory standard test, UL 94. 
The test procedures are set forth in "UL 94 Standard for Test for Flammability of 
PlasticMateriabforPartsinDeyncesandApplian^ ("the 
UL 94 test regime"), published by Underwriters Laboratories, Nortbbrook, Illinois. 
25 The disclosure of mis publication is incorporated by reference herein. 

In the UL 94 test regime, a Horizontal Burning Test (94 HB) is carried out on 
three sample bars of the material which have been preconditioned by being held at a 
specified humidity and temperature for a specified time per Part 6 of the UL 94 test 
regime. The sample is cut to a length of 125 mm and a width of 13 mm and is 
30 clamped at one end with its longitudinal axis in ahorizontal position and ignited at the 
other end by a methane gas burner. A classification of 94 HB (horizontal bum) is at- 
tained if three samples of 3 to 13 millimeters ("mm") thickness have a maximum 
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any sample up to the holding clamp at the upper end of the sample, and no ignition of 
the cotton indicator by flaming particles or drops from the sample. If all the require- 
ments for a 94V- 1 classification are met, except that ignition of the cotton igniter by 
flaming particles or drops from the sample occurs, a 94V-2 classification is attained 
5 In the Tables and elsewhere herein and in the claims, "HB M = 94 HB, "V-O" = 

94 V-O, "V-l" = 94V-1 and " V-2" = 94V-2, all pursuant to the UL 94 test regime. A 
classification of "at least V-l" means a classification of V-l or V-0. All the Tables 
below which show flammability ranges show the highest classification (most flame- 
retardant) attained by the samples, a V-O rating being considered to be the highest 
10 possible rating. If no rating ("NR") is indicated, the tested sample failed to attain any 
UL rating for that particular test, which in practical terms means that flaming and/or 
glowing of the tested sample persisted for a time beyond any of those specified in the 
UL tests criteria. 

15 Example 1 

Samples of reflective ABS compositions were prepared by compounding by 
high-shear mixing a high gloss ABS resin with varying amounts, as shown in Table 1 
below, of rutile titania which had been surface-modified to aid dispersion. The ABS 
polymer was a high-gloss material having a flammability according to the UL-94 

20 standard of HB (Horizontal Burn) sold under the designation Magnum 9010 by Dow 
Chemical Company of Midland, Michigan. The titania was sold under the trademark 
TiONA® RCL-4 by Millennium Inorganic Chemicals Co. of Hunt Valley, Maryland. 
Plaques of the ABS compositions were molded from the compounded resin with a 
mold which had respective regions of glossy and matte finishes. Reflectance meas- 

25 urements were made on the glossy regions of the plaque (1 . 9 mm thick) with a Mi- 
nolta reflectometer, Model CM-508d, and the results are shown in Table 1. These 
measurements combined both diffuse and specular contributions to reflectivity and are 
weighted by the relative response of the human eye. As high loadings of titania were 
approached, evidence was seen for a leveling off or saturation in reflectivity above a 

30 loading of about 25% by weight 
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Tablet 

Sample* hi hi U3 

Flammability HB HB HB 

Titania (wt%) 6.70% 18.00% 30.50% 

Total Reflectance* (%) 92.28 95.26 96.33 

* Average value of diffuse plus specular reflectance, from glossy region of the test 
plaques. 

The data of Table 1 are plotted in Figure 4 wherein total reflectance is shown 
on the vertical axis and the weight percentage of titanium in the sample is shown on 
the horizontal axis. Figure 4 shows graphically the increase in total reflectance with 
increasing weight of titania. 

Example 2 

Three samples of flame-retardant reflective ABS compositions were prepared 
by compounding the high gloss ABS resin and surface-treated rutile titania as used in 
Example 1. Two of the samples were compounded with two flame-retardant addi- 
tives, one of which (FR1) was a synergist comprising a fine powder form of antimony 
trioxide having a high tinting power. The other flame retardant (FR2) was a bromi- 
15 nated organic compound comprising bis(tribromophenoxy)ethane which is sold as 
FF680 by Great Lakes Chemical Co. of Wilmington, Delaware. The flame-retardant 
compounded resins were then combined with the rutile titania. Plaques were molded 
from the compounded resin with a mold which had respective regions of glossy and 
matte finishes. Reflectance measurements were made on the glossy regions of the 
20 plaque, which had a thickness of 1 .9 mm, with the Minolta reflectometer described in 
Example 1 and the results are shown in Table 2 below. These measurements com- 
bined both difluse and specular contributions to reflectance. It was found that at a 
given fixed amount of titania (18 percent by weight) the presence of the flame retar- 
dants significantly degraded the total reflectance. Significantly more titania was re- 
25 quired to be added (30.5 wt% vs. 18 wt%) in order to bring the reflectivity back to a 
value near 95%. 



WO 00/44830 



PCI7US00/02149 



-28- 

Reflectance test results and the UL 94 test regime results for the samples of 
Example 2 are as follows. Reflectance tests reported in this and the following exam- 
ples were carried out as described in Example 1, unless otherwise specified. 





Table 2 






Sample # 


2zl 


2^2 




Flammability 


HB 


V-0 


V-0 


Titania (wt%) 


18.0% 


18.0% 


30.5% 


FRl(Sb 2 0 3 ,wt%) 


none 


4.9% 


42% 


FR2 (FF680, wt%) 


none 


18.0% 


15.3% 


Total Reflectance* 


95.26 


93.96 


94.62 



* Average value of diffuse plus specular reflectance, from glossy region of the test 
plaques. 

Table 2 shows that Sample 2-1 attained a 94 HB rating but not a 94 V-0 rat- 
ing, whereas Samples 2-2 and 2-3 attained a 94 V-0 rating. 

10 

Example 3 

Samples of reflective compositions using different matrix resins were com- 
pounded. Sample 3-1 was compounded from ordinary high-gloss ABS resin (Dow 
Chemical's Magnum 9010) as used in Example 1, and Sample 3-2 was compounded 

1 5 from a special transparent grade of ABS (Terlux 2802TR) Sold by BASF Inc. of 
Ludwigshafen, Germany and Mount Olive, New Jersey. Both resins were com- 
pounded with a nitile Ti0 2 which had been surface-modified to aid dispersion, 
TiONA® RCL-4, obtained from Millennium Inorganic Chemicals Co., in the amounts 
shown in Table 3 below. Plaques were molded from the compounded resin with a 

20 mold which produced respective regions of glossy as well as matte finishes. Reflec- 
tance measurements were made on 1.9 mm thick glossy regions of the plaques with 
the MacBeth reflectometer identified in Example 4. The data from these tests are 
plotted in Figure 5, wherein total reflectance (diffuse plus specular from glossy re- 
gions of the test plaques) are plotted on the vertical axis and the wavelength of re- 

25 fleeted light on the horizontal axis. The average total reflectance values over the 

wavelength range are shown in Table 3 below, along with the results of flammability 
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tests. Although the results for average reflectance over the visible light range were 
similar, as shown in Table 3, the spectral output was found to be much more constant 
with wavelength for the transparent ABS composition of Sample 3-2, as shown in 
Figure 5. A more uniform spectral reflectance allows a light fixture employing such a 
5 reflector to source light at an effective color temperature which much more closely 
matches that of the lamp. 

Table 3 

Sample # M 3-2 

Titania(wt%) 18.0% 25.0% 
Total Reflectance* 95.26 95.8 

* Average value of diffuse phis specular reflectance from glossy regions of 
the test plaques. 

10 

Example 4 

The results of Example 2 showed that the flame-retardant additives for ABS 
have a significant deleterious effect on the reflectivity of the prepared compositions. 
Accordingly, a number of alternative flame-retardant additives were identified as 

15 possible alternatives on the basis of having high whiteness, good thermal stability, 
good UV stability, and in some instances good flow and impact-enhancing capabili- 
ties. A series of such compositions was prepared by high shear mixing of the ABS 
resin and surface-treated titania as described in Example 1 with selected brominated 
flame-retardant compounds as listed in Table 4A below, wherein the chemical names 

20 and suppliers of the flame retardants are as given in the following Table 4. 



Table 4 

FR 

Designation Chemical Name 

FF-680 Bis(tribromophenoxy)ethane 

Saytex 8010 Proprietary aromatic bromide 

F-2016 Brominated epoxy (1600 MW) 

FR-1808 Octabromotrimetbylphenylindane AmeriBrom Co. 



Su pplier 

Great Lakes Chemical Co. 
of Wilmington, DE 
Albemarle Co. of Baton Rouge, LA 
AmeriBrom Co. of New York, NY 
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Flame retardancy is very roughly proportional to the bromine content on a 
weight basis. Flow enhancement is predicted on the basis of whether the flame- 
retardant material can melt and dissolve or alloy with at least one phase of the matrix 
5 polymer during processing. Flow enhancement can be measured as an increase in 
melt index for a composition with a fixed amount of Ti02. F-2016, which is an 
amorphous material with a low temperature softening point (1 10 °C), blends readily 
with ABS. FF-680 and FR-1808 likewise blend with ABS once they are heated 
above their melting points. Of the entries in Table 4A, only Saytex 801 0, which has a 

10 high melting point, will not form a melt blend with ABS under normal processing 
conditions. This flame retardant will exist as a particulate dispersion in the ABS 
composite. All of the alternate brominated organics have a greater thermal stability 
than does FF-680 as is evidenced by the temperature at which a 5% weight loss occurs 
during thennogravimetric analysis (TGA) of the compounded resin. The TGA is car- 

15 ried out by placing a sample of the flame retardant in an oven and heating the sample 
by increasing the oven temperature while observing the weight of the sample while 
being heated, and noting the temperature at which a weight loss of 5% of the starting 
weight of the sample is attained. These values as provided by the manufacturers are 
also given in Table 4 A. 









Table 4A 








FR 


Bromine 




Flow 


MP 


TGA,T@ 


V-0 


Designation' 0 


Contem 


Color 


Mod.** 


!£ 


5wt%loss 


FornroL* 


FF-680 


70% 


off-white 


+ 


225 


290° C 


22/6 


Saytex 8010 


82% 


white 




345 


344° C 


No rating 


F-2016 


51% 


white 


+ 




340° C 


24/12 


FR-1808 


73% 


off-white 


+ 


247 


325° C 


16/8 



* wt% FR/wt% Sb^Oj utilized to achieve a V-0 rating. For Saytex 8010 a formulation of 16/8 was 
insufficient to produce a V0 UL-94 rating (the sample burned). 

** A decrease in flow of die molding composition caused by the added flame retardant is indicated 
by"-". Enhancement of this property by the added flame retardant is indicated by a "+". 
25 0> See Table 4. 

Reflectance results for titama^ntairring molded materials produced with 
varying amounts of these flame retardants dispersed in an ABS polymer matrix sold 
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under the trademark Magnum 901 0 by Dow Chemical are listed below in Table 4B. 
Reflectance measurements were carried out as described below in this Example. For 
comparison purposes, the manufacturer's specifications for Magnum 9010 are in- 
cluded in Table 4B as Sample 4B-1 . 



5 

Table 4B- Parti 



Sample # 


4B-1 


4B-2 


4B-3 


4B-4 


Flammability 


HB 


V-0 


<V-0 


<V-0 


Reflectance* (Minolta) 




94.62% 


93.69 


93.65 


Reflectance** (MacBeth) 




94.28% 


933 


93.43 


Titania (wt%) 


0 


3050% 


2230% 


22.60% 


FR1/ATO*** 


0 


6% 


8% 


8% 


(Microfine/A05) 










Total Inorganic 


0 


35% 


29% 


29% 


FR2 


0 


FF680 


Saytex 8010 


Saytex I 


FR2 wt% *** 


0 


22% 


16% 


16% 


Brightener 


0 


no 


no 


yes (0.8 


Elongation (%) 


40 


2.4-43 






Notched IZOD Impact 


4 


4.9 -65 






Tensile Strength (PSI) 


5200 


5197 - 5060 
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Table4B-Part2 



Sample # 


4B-5 


4B-6 


4B-7 


4B-8 


Flammability 


V-0 


V-0 


V-0 


V-0 


Reflectance* (Minolta) 


94.54 


94.35 


9424 


93.7 


Reflectance** (MacBeth) 


9433 


93.06 


93.8 


93.19 


Titania (wt%) 


2230% 


22.60% 


22.60% 


2720% 


FR1/ATO*** 


12% 


12% 


8% 


8% 


(Microfine/A05) 










Total Inorganic 


32% 


32% 


29% 


33% 


FR2 


F-2016 


F-2016 


FR-1808 


FR-1808 


FR2wt%**** 


24% 


24% 


16% 


16% 


Brightener 


no 


yes (0.085%) 


no 


yes (0.085% 


Elongation (%) 


156 








Notched IZOD Impact 


0.84 








Tensile Strength (PSI) 


5583 









M - w = not measured 



* Diffuse + Specular, Average value from Minolta with D65 source, 2 degree angle 
** Diffuse + Specular, Average value from MacBeth with D65 source 
5 *** ATO = antimony trioxide, percentages are based on FR2 and resin weight, not including weight of 
TiO, 

**** Percentage based on weight of ATO and FR2, not including Ti0 2 

Reflectance measurements were made with both a MacBeth instrument (Model 
10 7000) and a Minolta Model CM-508d. The MacBeth reflectometer provided reflec- 
tance as a function of wavelength as well as an average value of reflectance over the 
visible spectrum weighted for the response of the human eye. Both the Minolta and 
the MacBeth instruments are ostensibly designed to provide the same average reflec- 
tance. The differences in the data collected for a given sample in Table 4B result from 
1 5 slight differences in the two instruments and their calibration. Measurements were 
made on flat plaques having a glossy finish and an approximate thickness of 1.9 mm. 
Figure 6 plots the total reflectance from the glossy test plaque of samples 4B-2 and 
4B-5. The higher whiteness of the F-2016 flame retardant as compared to the FF680 
flame retardant (see Table 4) and the higher loading of titania in sample 4B-5 as com- 
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pared to sample 4B-2 resulted in sample 4B-5 giving a more uniform spectral re- 
sponse across the visible spectrum. This is illustrated in Figure 6. 

The Saytex 8010 (Sample 4B-3 in Table 4B - Part 1) was not found to provide 
a V-0 flame retardant rating at the loading level employed. All of the other composi- 
5 tions achieved a V-0 flammability rating. The antimony trioxide amounts were raised 
in the new compositions over that used for sample 4B-2, since this allowed a reduc- 
tion in the amount of the brominated organic compound needed to achieve the V-0 
rating. Since the organic compound is the primary source of thermal instability, UV 
instability and yellowness, the amount necessary was minimized to improve optical 

10 performance. Some enhancement in optical performance was seen for the sample 4B-5 
in that the higher whiteness of flame retardant F-201 6 (Table 4) along with the higher 
loading of antimony trioxide, gave the molded article of sample 4B-5 a more uniform 
spectral response across the visible spectrum than that of sample 4B-2. The mechani- 
cal properties of articles molded from the composition of 4B-5, however, were not as 

15 good as those for sample 4B-2 as is seen by a comparison of elongation-to-break and 
notched IZOD impact measurements listed in Table 4. 

Examples 

The effect of the addition of a brightener was tested by comparing the results 
20 obtained with no brightener in an ABS sample (Magnum 9010) containing 6.7 wt% 
rutile titanium dioxide and one containing the same amount of rutile titanium dioxide 
with 0.17 wt% brightener. These samples contained no flame-retardant materials. 
The brightener (OB-1 from Eastman Chemical) served to absorb light emitted by the 
lamp in the ultraviolet and violet part of the spectrum and to re-emit this light at blue 
25 wavelengths. Figure 7 plots total (diffuse plus specular) reflectance (as measured by 
the MacBeth instrument described in Example 4) on the vertical axis against the 
wavelength of reflected light on the horizontal axis. Reflectance was measured from 
the glossy regions of test plaques. Figure 7 shows a peaked response for reflectivity 
in the blue wavelength range for the sample containing brightener, but this is achieved 
30 at the expense of providing light below about 425 nanometers ("nm"). This test 

served to demonstrate that the addition of brightener can help to augment response at 
blue wavelengths centered at about 450 nm, and effectively increase the color tern- 
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perature of the reflected light averaged over the visible spectrum. This may be desir- 
able in meeting the requirements of certain specific applications. 



Example 6 

5 A sample of a reflective composition using an ABS/PC blend was made with a 

flame-retardant polymer blend, RTP 2500 FR A, available from RTP Co. of Winona, 
Minnesota. This blend contained polycaibonate (about 63% by weight), ABS (about 
21% by weight), a brominated organic flame retardant (about 15% by weight), and a 
conventional stabilizer (about 1% by weight), but did not contain a synergist such as 
10 antimony trioxide. This resin was compounded with varying amounts of a rutile tita- 
nia, TiPure® R-104, manufactured by DuPont Flammability measurements were car- 
ried out on bar specimens according to UL-94 standards for vertical burn on each of 
the compositions. 

Plaques were molded from these titania- filled resin compounds with a mold 
1 5 which produced a glossy finish. Reflectivity measurements were made with a Model 
7000 MacBeth reflectometer on a section of the plaques with an approximate thick- 
ness of 1.9 millimeters. These measurements are tabulated in Table 5. 

TableS 

Sample # 5=1 « 5=3 

Flammability V-0 V-2 No rating (NR) 

Titania (wt%) 19.0% 27.0% 35.0% 

Total Reflectance 95.1% . 95.35% 95.4% 

20 

These results may be compared with those in Table 2 of Example 2 for an 
ABS resin containing no polycarbonate and employing a flame-retardant package 
comprising a quencher and a synergist Samples 2-2 and 5-1 have the same flamma- 
bility rating and have approximately the same titania content yet sample 5-1 has sig- 
25 nificantly higher reflectance (95.1 vs. 93.96%). The samples of Table 5 also provide a 
comparatively higher blue reflectivity and, as a consequence, a more uniform reflec- 
tivity across the visible spectrum. 
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The UV stability of various reflective compounds was investigated as a func- 
tion of resin and type and content of Ti0 2 . The resins employed were acrylonitrile- 
butadiene-styrene ("ABS"), as in Example 1, ABS/PC, as in Example 6, and 
5 ABS/polyvinylchloride ("ABS/PVC"). Three types of rutile Ti0 2 were also em- 
ployed, TiPure R-104 and TiPure R-103 from DuPont and RCL-4 from Millennium 
Chemicals. All of these had similar fine particles size and similar blue tone. TheR- 
103 had a heavier surface coat of alumina than the R-104 or RCL-4 titanias, resulting 
in the R-103 titania being designated by the manufacturer as a non-chalking grade. 
10 One of the samples, 7-1, contained a brightener (OB-1) as per Example 5. 

Initial measurements of average reflectivity and yellowness according to the 
ASTM Standard Test Method for Indexes of Whiteness and Yellowness of Near- 
White, Opaque Materials, ASTM Designation E-3 13-73 (Reapproved 1993) were 
. carried out on a glossy surface of molded samples with a MacBeth reflectometer. The 
15 aforesaid ASTM standard is incorporated by reference herein and is elsewhere herein 
and in the claims referred to as "the ASTM E-313 Test". The ASTM E-313 Test cor- 
relates visual ratings of yellowness or whiteness of certain white and near-white sur- 
faces, including plastics. Test samples must be uniformly colored and flat throughout 
the area presented for measurement (paragraph 8.1 of the ASTM E-313 Test) and the 
20 test equipment must be a spectrophotometer equipped with a tristimulus integrator, a 
photoelectric reflectometer, or a colorimeter having source, filter and receptor charac- 
teristics such that it will measure the reflectance of white and near-white specimens 
accurately to within 1.0 percent of full-scale reading, and will give green-blue reflec- 
tance differences of such specimens accurately to plus or minus 0.5. Paragraph 6 of 
25 the E-313 Test provides specifics of the required test equipment 

As set forth in paragraph 7.1 of the ASTM E-313 Test, the primary test stan- 
dard may be a tablet of magnesium or barium sulfate of reflectance standard grade of 
white powder prepared as specified, or the ideal, perfectly reflecting, perfectly diffus- 
ing white standard. The instrument standard called for in paragraph 12 of the ASTM 
30 E-313 Test may comprise porcelain-enameled metal plaques, opaque white glass, or 
other such materials having reasonably permanent reflectance and surface uniformity. 
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As set forth in paragraph 10 of the ASTM E-313 Test, the yellowness index 
("YI"), as well as the whiteness index, may be calculated from the test values ob- 
tained, as set forth below. 

1) Calculate as required the mean value for the readings of each stan- 
5 dard and specimen. 

2) If a reflectometer is used, calculate the green, G, and blue, B, re- 
flectances of each specimen in accordance with the directions of the 
instrument manufacturer. In the absence of more explicit instructions, 
specimen reflectance may be calculated as follows: 

10 R-cxflVe) 
where: 

R = reflectance of the specimen for the filter used, 
c = mean instrument reading for the specimen, 
e = mean instrument reading for the standard used, and 
15 Rs = assigned reflectance of the standard for the filter used. 

3) The yellowness is then calculated as 

YI = 100(1-B/G) 

4) The whiteness index may be calculated as follows: 

WI = 4B-3G 

20 Samples 7-1 through 7-10 were made with the above-described ABS, ABS/PC 

and ABS/PVC resins, and with the above-described titanias, the composition of the 
samples being as set forth in Table 7B below. Test plaques of a thickness of 1 .9 mm 
were molded from the compounded resins with a mold which had respective regions 
of glossy and matte finishes. 

25 The molded plaques of Samples 7-1 through 7-10 were then exposed to UV in 

a weatherometer as detailed in Table 7 A. By use of suitable filters, a UV source 
roughly equivalent in spectral distribution to that of the sun was chosen. The plaques 
were maintained at an ambient temperature of 40 °C, but surface temperatures may 
have reached temperatures as high as 60 °C. Visible evidence of yellowing was ob- 

30 tained in all samples after the first (2-part) exposure interval, herein called Interval 1 . 
The reflectance and yellowness changes that occurred are detailed in Table 7B. Cal- 
culated percentage changes in reflectivity and yellowness are presented in Table 7C. 
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The measured reflectivity is total (specular plus diffuse) reflectivity as measured from 
glossy regions of the sample plaques by a MacBeth reflectometer as described in Ex- 
ample 4. The measured yellowness was as measured by the MacBeth instrument ac- 
cording to the above-described ASTM E-313 Test 



Table 7A - Weatherometry Conditions for Reflective Materials 

Interval 1 

Conditions Phase One 

Test Chamber Atlas Ci3000 / Xenon Arc Lamp 



Duration 

Lamp Filter Type 

(Inner/Outer) 

Irradiance (W/m 2 @ 340 nm) 
Black Panel (max. sample) 
Temp 

Dry Bulb (sample) Temp 
Relative Humidity 
Cycle Information 

Total Exposure (kJ) 



72 hours 

Borosilicate/Borosihcate glass 
055 

60°C setpoint, 62°C actual 

40°C (air heater off) 
30% 

Continuous exposure, no water 

spray 

140 



Phase Two 

Atlas Ci3000 / Xenon Arc 

T-aypp 

168 hours 

B orosilicate/B orosiiicate glass 
1.05 

60°C setpoint, 84°C actual 

40°C (air heater off) 
30% 

Continuous exposure, no water 

spray 

627 



A number of observations were made regarding how sample composition af- 
fected UV stability. The first of these is that UV stability is a function of resin, and in 

10 the order of lowest to highest stability, the order was ABS/PVC, ABS, ABS/PC. With 
respect to the type of titania, the non-chalking grade of Ti0 2 (R-103) gave a somewhat 
higher stability than the chalking grades (R-104 and RCL-4). The lowest degree of 
yellowness and the least percentage change in reflectivity were obtained with the R- 
103 Ti0 2 . By far the greatest influence on UV stability was the loading level of Ti0 2 . 

1 5 Higher levels of loading produced significantly more stable compounds as can be seen 
in Tables 7B and 7C, both with respect to the retention of high reflectivity and to a 
decreased level of yellowing. Fire retaidancy rating (Table 7B), however, ran counter 
to the amount of Ti0 2 present in the composite. The highest rating obtained, with V- 
O and V-l being considered to be higher than HB, is shown in Table 7B. Sample 7-3 

20 combines a high reflectivity (>95%) with a V-0 classification and moderate tendency 
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to yellow. Samples 7-7 and 7-8 showed the smallest change in reflectance, evidencing 
the fact that the use of R-103 titania offered increased UV stability as compared to 
samples using a chalking grade of titania such as R- 1 04. 



5 Table 7B - Data Summary 









FR 


Initial 


Interval 1** 


Initial* 


Interval 1** 


nple# 


Resin 


TiO, (wt %) 


Rating 


Reflectance 


Reflectance 


Yellowness 


Yellowness 


7-1 


ABS 


RCL-4 (7%) 


HB 


95.86 


89389 


-12.659 


19.088 


7-2 


ABS 


RCL-4(30.5%) 


V-0 


94.29 


90.927 


2.859 


12.924 


7-3 


ABS/PC 0 * 


R-104(19%) 


V-0 


95.02 


92.576 


2.424 


11.773 


7-4 


ABS/PC 0 * 


R-104(27%) 


V-2 


952 


93.147 


2384 


9.669 


7-5 


ABS/PC 0 * 


R-104 (13%) 


V-l 


93.87 


90.901 


2.551 


13.912 


7-6 


ABS/PC™ 


R-104(23%) 


V-l 


93.86 


91.451 


2.433 


10.268 


7-7 


ABS/PC* 0 


R-103 (13%) 


V-l 


9336 


91.776 


2.7 


10.154 


7-8 


ABS/PC 0 * 


R-103 (23%) 


NR 


9337 


92.076 


2.609 


8.902 


7-9 


ABS/ 

pvc™ 


R-103 (27%) 




91.58 


87.097 


2.75 


14.139 


7-10 


ABS/ 
PVC^ 


R-104 (27%) 




9332 


89.915 


3.137 


12.976 



Notes: * Negative yellowness indicates a bluish tinge 

** Interval 1 = phase 1 + phase 2 as per Table 7A 
(!> Composition is given in Example 6. 

P) A blend of PVC and ABS containing no additional flame retardant 

While the invention has been described in connection with specific embodi- 
1 0 ments thereof it will be appreciated that upon a reading and understanding of the 
foregoing, other embodiments of the invention will occur to those skilled in the art 
and it is intended to include all such embodiments within the scope of the appended 
claims. 
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THE CLAIMS 

What is claimed is: 

1 . A light-reflecting article comprises a composite of a thermoplastic or 
thermoset polymer matrix having dispersed therein a flame-retardant material, and 
dispersed particles of a reflective filler, 

the reflective filler comprising a dielectric material having a particle size 
and reflective properties which enhance total reflectivity of the composite, the filler 
further having an index of refraction which differs from the effective index of refrac- 
tion of the other components of the composite to a degree sufficient to enhance the 
total reflectivity of the composite; 

the filler and flame-retardant material being sufficiently dispersed and pre- 
sent in amounts such that the article has an average total reflectivity as measured from 
a flat sample of at least about 93 percent over the range of visible light 

2. The article of claim 1 wherein the flame-retardant material comprises (i) 
particles of a metal oxide synergist, and (ii) a halogenated organic compound 
quencher, the flame-retardant material being present in an amount sufficient to reduce 
flammability of the article relative to an otherwise identical article lacking the flame- 
retardant material, 

the filler and the flame-retardant material being present in amounts such 
that the article has an average reflectivity of at least about 93 percent for light over a 
wavelength range of from about 400 to 700 nanometers, measured as total reflectivity 
from a flat sample. 

3. The article of claim 1 or claim 2 wherein the flame-retardant material is 
present in an amount sufficient to reduce the flammability of the article to a UL-94 
classification of at least V-l . 
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4. The article of claim 2 wherein the synergist is selected from the group 
consisting of one or more of antimony trioxide, antimony pentoxide and a sodium an- 
timonate, and the quencher comprises a brominated organic compound. 

5. The article of claim 4 wherein the synergist comprises antimony trioxide. 

6. The article of claim 1 or claim 2 wherein the flame retardant comprises 
one or more of the group consisting of decabromodiphenyloxide, octabromodipheny- 
loxide, tetrabromobisphenol A, bis(tribromophenoxy)ethane, brominated epoxy tetra- 
bromobisphenol A-tetrabromobisphenol A diglycidylether, ethylenebistetrabro- 
mophthalamide, septabromotrimethylphenyl indane and octabromotrimethylphenol 
indane. 

7. The article of claim 6 wherein the quencher comprises 
bis(tribromophenoxy)ethane. 

8. The article of claim 1 or claim 2 wherein the filler is selected from the 
group consisting of titania, zinc sulfide and strontium titanate. 

9. The article of claim 8 in which the particles of filler have a size range 
wherein: when the filler comprises titania, at least about 60 percent by weight of the 
titania particles have a diameter of from about 0.12 to 0.44 microns; when the filler 
comprises zinc sulfide, at least about 60 percent by weight of the zinc sulfide particles 
have a diameter of from about 0.17 to 0.65 microns; and when the filler comprises 
strontium titanate, at least about 60 percent by weight of the strontium titanate parti- 
cles have a diameter of from about 0.16 to 0.62 microns. 

10. The article of claim 2 wherein the synergist comprises antimony trioxide 
and the quencher comprises bis(tribromophenoxy)ethane. 

1 1 . The article of claim 9 wherein the filler comprises rutile titania. 
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12. The article of claim 1 1 wherein the polymer matrix comprises an acryloni- 
trile-butadiene-styrene terpolymer having an index of refraction of from about 1.48 to 
1.60. 

13. The article of claim 1 1 wherein the polymer matrix comprises a blend of 
an acrylonitrile-butadiene-styrene terpolymer and a polycarbonate polymer. 

14. The article of claim 13 wherein the polymer matrix comprises from about 
10 to 50 percent by weight of the acrylonitrile-butadiene-styrene terpolymer and from 
about 40 to 90 percent by weight of the polycarbonate polymer. 

15. The article of claim 1 further comprising a brightener selected from the 
group consisting of conjugated or partially conjugated organic compounds which are 
characterized by being fluorescent materials which absorb radiant energy in the ultra- 
violet region (about 300 to 400 nanometers wavelength) of the electromagnetic spec- 
trum and emit such radiant energy as visible light in the blue region (about 400 to 470 
nanometers wavelength) of the electromagnetic spectrum. 

16. The article of claim 1 or claim 2 comprising a light-reflecting enclosure, 
the enclosure having at least one aperture formed therein and being dimensioned and 
configured to receive therein a light source disposed within the enclosure to transmit 
light through the aperture. 

17. The article of any one of claim 1 or claim 2 wherein the polymer matrix is 
selected from the group consisting of acrylonitrile-butadiene-styrene terpolymer, 
polyethylene terephthalate, polybutylene terephthalate, polyurethane, polyacryloni- 
trile, poly(methylpentene), polystyrene, polycarbonate, polymethacrylate, polyacry- 
late, poly(vinyl chloride), chlorinated polyethylene, and substituted derivatives, co- 
polymers, blends and alloys of any of the foregoing. 

18. The article of claim 16 wherein the filler is selected from the group con- 
sisting of titania, zinc sulfide and strontium titanate. 
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19. The article of claim 1 or claim 2 wherein the polymer matrix is selected 
from the group consisting of acrylonitrile-butadiene-styrene terpolymer, substituted 
derivatives and blends and alloys thereof* and the filler comprises titania. 

20. The article of claim 19 wherein the filler comprises rutile titania. 

21 . The article of claim 20 wherein the polymer matrix is present in the 
amount of about 50 to 94 percent by weight of the article and the rutile titania is pres- 
ent in the amount of from about 6 to 50 percent by weight of the article, provided that 
the amount of one or both of the polymer matrix and rutile titania is controlled to al- 
low for the presence of the flame-retardant material in the amount sufficient to reduce 
flammability of the article. 

22. The article of claim 16 in which the particles of filler have a size range 
wherein: when the filler comprises titania particles, at least about 60 percent by 
weight of the titania particles have a diameter of from about 0.12 to 0.44 microns; 
when the filler comprises zinc sulfide particles, at least about 60 percent by weight of 
the zinc sulfide particles have a diameter of from about 0.17 to 0.65 microns, and 
when the filler comprises strontium titanate particles, at least about 60 percent by 
weight of the strontium titanate particles have a diameter of from about 0.16 to 0.62 
microns. 

23. The article of claim 22 wherein the filler consists essentially of rutile tita- 
nia and is present in the amount of from about 6 to 50 percent by weight of the article. 

24. The article of claim 2 or claim 4 wherein the synergist comprises anti- 
mony trioxide and has a size range such that at least about 60 percent of the synergist 
particles have a diameter of from about 0.18 to 0.72 microns. 
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25. The article of claim 2 or claim 4 wherein the synergist is present in the 
amount of from about 4 to 12 percent by weight of the article, and the quencher is pre- 
sent in the amount of from about 10 to 25 percent by weight of the article. 

26. The article of claim 25 wherein the synergist comprises antimony trioxide. 

27. The article of claim 2 or claim 4 comprising: 

from about 31 to about 70 weight percent acrylonitrile-butadiene-styrene, 
substituted derivatives and blends and alloys thereof as the matrix polymer; 

from about 1 5 to about 30 weight percent rutile titania as the filler; 

from about 3 to about 5 weight percent of antimony trioxide as the syner- 
gist; and 

as the quencher, from about 12 to 24 weight percent of a biominated or- 
ganic compound selected from the group consisting of one or more of decabro- 
modiphenyloxide, octabromodiphenyloxide, tetrabromobisphenol A, 
bis(tribromophenoxy)ethane, proprietary aromatic bromide, brominated epoxy, sept- 
abromotrimethylphenyl indane and octabromotrimethylphenyl indane; 

wherein the amount of one or both of the matrix polymer and the filler are 
controlled to allow for the presence of the flame-retardant material in the amount suf- 
ficient to reduce flammability of the article. 

28. The article of any one of claims 1, 2 and 4 wherein the article has a reflec- 
tivity of at least about 94 percent 

29. The article of any one of claims 1, 2 and 4 wherein the article has a reflec- 
tivity of at least about 95 percent 

30. A light-reflecting article comprises: 

a matrix comprising a thermoplastic or thermosetting polymer and an op- 
tional organic flame retardant together having an effective refractive index of n u 

the polymer matrix having dispersed therein particles of a reflective filler 
having a refractive index of n 2 , the particles of filler having a size range wherein at 
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least about 60 percent by weight of the particles have a diameter of from about D to . 
4D, wherein D = XJmxfr in which \, is the mean free-space wavelength of the light 
range being reflected and 8, = | n 2 - nj | ; and 

the filler being present in an amount such that the article has a reflectivity 
of at least about 93 percent for light in a wavelength range of from about 400 to 700 
nanometers, measured as total reflectivity from a flat sample. 

31. The article of claim 30 wherein at least about 80 percent by weight of the 
particles have a particle diameter of from about D to 4D. 

32. The article of claim 30 wherein the particles of filler are dispersed in the 
matrix at an average distance from each other of at least about 3 V 

33. The article of claim 30 wherein the polymer matrix is a flame-retardant 
thermoplastic or thermosetting compound having a flammability of a UL-94 classifi- 
cation of at least V-l . 

34. The article of claim 30 wherein the thermoplastic or thermosetting com- 
pound is substantially non-yellow having a yellowness index of less than 10, meas- 
ured according to the ASTM D 1925-70 Test 



35. The article of claim 30 wherein 5 is greater than about 
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